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CHAPTER   I 

THE  EYE 
COLMAN  W.  CUTLER 

EXAMINATION  OF  THE  EYE 

A  systematic  examination  of  the  eye  should  be  made  whenever  disease  of 
the  organ  or  its  neighborhood  is  suspected  and  in  cases  where  evidence  may  be 
expected  relating  to  disease  or  injury  of  the  brain  or  more  distant  parts. 

It  is  not  permissible  for  the  examiner  to  assume  that  the  signs  of  local  or 
distant  trouble  will  be  found  by  the  use  of  the  ophthalmoscope  or  by  the  observa- 
tion of  the  pupils,  or  the  motility  of  the  eyes  alone.  Such  an  error  can  be  avoided 
only  by  the  use  of  a  routine  method  which  is  simple  and  which  should  not  be 
considered  as  making  too  great  a  demand  on  the  patience  of  the  surgeon  in  com- 
parison with  the  value  of  the  results. 

Inspection. — Inspection  includes  examination  of  the  surface  of  the  lids  and 
brow,  the  function  of  the  facial  nerve,  ptosis,  protrusion  of  the  eyeball  on  one 
or  both  sides,  or  the  opposite  condition,  enophthalmos.  Any  lack  of  symmetry 
between  the  two  sides  of  the  face  should  be  noted,  although  it  should  be  remem- 
bered that  the  two  halves  of  the  face  are  as  a  rule  unsymmetrical  in  the  level 
and  arch  of  the  brows  especially,  and  not  infrequently  the  action  of  the  fron- 
talis  and  the  orbicularis  varies  slightly  on  opposite  sides.  The  region  of  the 
lacrimal  sac  and  the  inner  angle  of  the  lids  should  be  observed  for  signs  of  in- 
flammation of  the  sac  or  of  the  anterior  ethmoidal  cells  which  may  present  here. 

The  inspection  of  the  edges  and  inner  surface  of  the  lids,  with  eversion  of 
the  upper  lid,  for  signs  of  inflammation,  which  may  be  a  menace  in  traumatism 
or  in  operation  on  the  eyeball,  is  most  important.  Conjunctivitis,  dacryocysti- 
tis,  and  blepharitis  (or  inflammation  of  the  lid  margins)  are  frequent  sources 
of  infection  when  the  corneal  epithelium  is  abraded  or  the  eye  exposed  by  in- 
jury or  incision. 

It  is  not  possible  to  deal  with  these  conditions  at  length,  but  it  must  be 
2B 


2  THE    EYE 

stated  emphatically  that  their  existence  is  a  centra-indication  to  operation,  and 
in  case  of  injury  to  the  eyeball,  the  first  effort  must  be  directed  to  their  control 
in  order  to  prevent  secondary  infection. 

Inspection  of  the  eyeball  is  made  with  a  lens  with  which  the  light  from  a  lamp  or 
candle  is  focused  on  the  surface,  or  with  a  small  flashlight,  to  which  a  convex  lens 
is  added,  as  in  a  simple  device  made  by  E.  B.  Meyrowitz.  This  method  of  oblique  or 
focal  illumination  is  indispensable  in  the  examination  of  the  eyeball.  It  should  be 
practiced  by  everyone  who  deals  with  eyes  in  questions  of  diagnosis  or  treatment.  It  is 
so  simple  that  description  seems  superfluous,  yet  it  is  often  neglected,  and  small  in- 
juries, such  as  foreign  bodies  in  the  cornea,  abrasions  and  ulcers,  are  overlooked. 

The  pencil  of  rays  focused  by  the  lens  plays  upon  the  cornea,  the  iris,  the 
lens,  and  may  even  illuminate  a  tumor  or  exudate  in  the  anterior  portion  of  the 
vitreous.  It  is  possible  thus  to  study  the  epithelium,  the  stroma,  the  posterior 
surface  of  the  cornea  for  exudate  or  scars,  the  surface  of  the  iris  and  the  pupil. 

In  no  field  of  medicine  is  it  of  greater  importance  to  recognize  the  early  stages 
of  disease.  A  minute  lesion  of  the  cornea  may  in  a  few  hours  become  an  ulcer  which 
will  leave  a  scar  permanently  affecting  vision.  The  discovery  of  an  iritis  at  an  early 
stage  will  permit  the  use  of  atropin,  thus  preventing  the  formation  of  synechiae. 
The  circumcorneal  flush  of  iritis,  however,  must  be  corroborated  by  the  other  cardinal 
symptoms  of  that  disease :  contracted  and,  usually,  irregular  pupil,  hazy,  aqueous,  dull 
iris  stroma  and  anterior  chamber  of  normal  or  exaggerated  depth,  before  atropin  is 
used. 

Glaucoma  may  also  be  accompanied  by  episcleral  congestion  and  the  pain 
of  the  two  conditions  may  be  the  same,  but  in  glaucoma  the  pupil  is  wide,  the 
anterior  chamber  is  shallow,  and  the  eyeball  is  hard.  It  is  needless  to  say  that 
here  the  use  of  atropin  would  be  a  fatal  mistake. 

Such  instances  might  be  multiplied ;  they  are  not  strictly  within  the  limits 
of  this  article,  but  the  importance  of  the  subject  is  a  sufficient  excuse  for  calling 
attention  repeatedly  to  the  necessity  of  an  early  recognition  of  changes  in  the 
surface  appearance  of  the  eye. 

In  the  inspection  of  the  eye  the  movements  of  the  eyes  in  all  directions  are 
to  be  noted.  If  the  patient  is  directed  to  follow  a  light  or  the  finger  it  can  be 
determined  whether  both  eyes  fix  or  whether  one  lags,  in  which  case  a  red  glass 
is  needed  to  study  the  nature  of  the  diplopia  which  may  be  elicited.  Con- 
vergence and  the  reaction  of  the  pupils  are  included  in  the  routine  examination 
of  the  eye.  The  presence  of  ptosis  and  its  association  with  local,  orbital,  cere- 
bral or  sympathetic  lesions,  must  be  noted. 

Retraction  of  the  lids,  or  inability  to  close  the  lids  (lagophthalmus),  is  im- 
portant, because,  if  the  cornea  is  not  protected  by  the  lid,  it  becomes  dry  and  the 
epithelium  exfoliates.  This  exposure  of  the  deeper  layers  leads  to  infection 
and  suppuration.  In  facial  paralysis  and  in  coma,  when  the  movements  of  the 
lids  are  lacking,  the  mucus  of  the  conjunctiva  collects  and  organisms  increase; 
it  is,  therefore,  necessary  in  these  conditions  to  cleanse  the  eyes  frequently  or 
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even  to  protect  tin-  ov<>},;ill  by  a  light  banda-e  which  will  hold  the  lids  closed. 
This  is  especially  necessary  when  the,  cornea  is  anesthetic,  as  in  disease  or  re- 
moval of  the  Gasserian  i:an-lion,  or  fracture  or  disease 
impairing  the  trophic  influence  of  the  tri^eniinus.  In 
such  cases  vaselin  with  boracic  acid  or  oxycyanid  of 
mercury  1  :  :..<)<)<>  should  be  put  between  the  lids  several 
times  a  day,  great  care  being  taken  to  avoid  brushing  the 
cornea  with  cotton  or  applicator,  as  the  slightest  abrasion 
ay  lead  to  a  most  intractable  form  of  keratitis. 

Palpation. — Palpation  of  the  margins  of  the  orbits, 
the  ethmoidal  and  lacrimal  regions,  may  detect  faults  in 
eir  contours  or  points  of  abnormal  sensitiveness,  cysts, 

ses  and  tumors. 

Pressure  on  the  eyeball  may  reveal  resistance  in  the 
orbit  and  should  be  directed  backward  or  toward  the  side 
of  the  orbit  in  order  to  estimate  the  elasticity  or  firmness, 
and  the  region  of  resistance. 

Palpation  of  the  eyeball  to  determine  its  tension  is 
made  through  the  closed  lid,  the  patient  looking  down- 
ward. The  index  fingers  are  pressed  very  gently  down- 
ward on  the  upper  part  of  the  globe,  as  if  one  were  pal- 
pating a  cyst.  The  tension  of  both  eyes  should  be  com- 
pared. The  tension  is  raised  in  glaucoma,  and  lowered 
in  injuries  which  have  opened  the  globe  and  sometimes 
in  contusions  without  rupture.  In  injured  eyes,  or  when 
the  cornea  is  ulcerated,  if  the  tension  is  notably  low  there 
is  danger  of  an  escape  of  the  contents  of  the  globe,  and 
palpation  must  be  made  with  great  delicacy  or  avoided 
altogether.  One  of  the  most  perfect  instruments  that  has 
been  added  to  the  armamentarium  of  the  oculist  is  the 
ometer  of  Schiotz,  which  has  given  a  mathematical 
recision  to  the  measurement  of  increased  tension  in 
glaucoma.  It  would  be  unfortunate,  however,  if  the  use 
of  such  an  instrument  should  detract  from  the  value  of 
the  tactus  eruditus. 

Measurements. — The  measurement  of  the  position  of 
the  globe  may  be  important  to  determine  the  degree  of 
exophthalmos.  This  may  be  estimated  by  looking  at  the 
eves  from  the  side  and  noting  their  prominence,  but  in 
order  to  record  varying  or  increasing  protrusion  in 
tumors  of  the  orbit  or  in  exophthalmic  goiter,  the  exoph- 
Imometer  is  of  value. 

The  distance  of  the  eyes  from  the  median  line  should 
noted  in  tumors  and  cysts  of  the  inner  wall  of  the  orbit. 
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FIG.  1. — THE  SCHIOTZ 
TONOMETER.  This  in- 
strument is  designed  to 
measure  the  intra-ocu- 
lar  pressure  and  to  in- 
dicate it  in  terms  of 
millimeters  of  mercury. 

The  part  applied  to 
the  eye  /  is  a  concave 
surface  corresponding  to 
the  average  corneal  cur- 
vature; a  is  a  rod,  mov- 
ing freely  in  the  sleeve 
b  and  whose  upper  end 
d  in  contact  with  the 
cam,  operates  the  point- 
er. The  instrument  is 
supported  between  the 
fingers  by  means  of  the 
arms  extending  out 
from  c. 

By  means  of  a  series 
of  weights  ranging  from 
5.5  to  15  gr.  the  instru- 
ment is  adapted  to  mak- 
ing very  accurate  read- 
ings in  any  degree  of 
abnormal  pressure. 

A  small  model  with  a 
convex  surface  is  fur- 
nished with  each  instru- 
ment, and  the  pointer 
is  adjusted  to  indicate 
zero  for  this  curve. 
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Auscultation.—  Tn  rases  of  exophthalmos,  especially  those  following  fracture 
of  the  skull,  auscultation  should  be  practiced,  the  stethoscope  being  placed  over 
tin-  dosed  lid,  the  brow  and  the  temples,  to  detect  the  bruit  of  an  aneurysm.  ^ 

Transillumination.— Transillumiuation  of  the  globe  enables  us  to  determine 
the  density  of  a  mass  within  the  eyeball  by  the  interruption  of  the  light  trans- 
mitted thn.uuh  the  dilated  pupil  from  the  point  of  the  Wurdeman  or  Sachs 
transilluminator  placed  upon  the  anesthetised  sclera.  This  method  is  of  great 


Flo.  2.— EXOPHTHALMOMKTKU  (Prof.  H<T«-11>.  This  is  an  instrument  for  measuring  exophthalmia  with 
accuracy  and  rapidity.  :m<l  is  usrfnl  in  determining  the  progress  of  such  protrusion  in  c; 
Um-orhital  tumor,  noiti-r.  fon-i«n  bodies  and  rctrohulbar  hemorrhage. 

Hi,    iti-.irii!iifni  r.->rmlil«-.s  a  sliding  rul<-,  each  member  being  provided  with  a  scale  reading  u 
:{<>  iiiillimrtrr*  and   two  mirrors  mounted  at   right  angles  and  one  above  the  other.     When  tbelU- 

•tniimnt  i>  u,   |H»iti..n.   with  tin-  tw. ints  in  contact  with  orbital  margin,  the  profile  ol 

cornea  in  an-n  in  .«n«-  mirn.r  and  scale  in  the  other.    The  scale  reading  directly  above  the  corneal 
image  ftivea  it«   protru-ion  in  millimeters.     Readings  are  made  of  one  eye  at  a  time. 

The  separation  ,,f  th,-  two  mrmlx-rs  is  shown  on  the  slide.  All  measurements  of  the  same  case  must 
be  made  with  th.-  im-mt>«Ts  equally  separated  to  the  same  reading  on  the  sliding  scale. 

value  in  detecting  iutra-ocular  growths  and  differentiating  them  from  exudate 
and  translucent  detachment  of  the  retina. 


EXAMINATION    OF    VISION 

Central  Vision. — <  Vntral  vision  should  be  tested  in  order  that  changes  indi- 
cating progress  in  the  disease  may  be  noted  later.  The  same  conditions  of  dis- 
tance1, liirlit  and  test  nhjcets  should  be  observed  at  successive  tests.  The  patient 
should  wear  his  distance  ".-hisses  where  it  is  possible,  or  it  may  be  noted  that  the 
teat  was  made  "without  n.rreetion."  The  most  convenient  test  object  is  Lan- 
dolt's  reduced  card  or  nptotvpes,  or  the  ordinary  Snellen  letters  may  be  used. 
Whore  the  vision  is  much  impaired  the  distance  is  noted  at  which  fingers  are 
oounte.l  or  the  movements  of  the  hand  are  seen  against  the  dark  background  of 
the  coat,  and  if  central  fixation  is  lost  it  may  be  noted  that  vision  is  eccentric. 
The  ..l.jort  of  this  test  is  to  obtain  a  basis  for  future  comparison  rather  than  to 
determine  the  best  or  actual  vision. 

Ir  ;  '  int-  l»«.v.  Dr.  <le  Sehweinitz  has  well  shown,  to  get  the 

best  pawl '!<•  vision  with  [  'i.rfnre  drawing  conclusions  regarding  the  func- 

tion ,,f  the  ,,j,tir  nerve  ami  retina.  This  is  especially  true  in  choked  disk  and 
nriin.n-tinirU  .].-|M.n.|ent  on  intracranial  disease, where  the  impairment  of  vision 
miirht  !»•  Httrilmtr.]  to  mitral  causes,  while  in  reality  due  to  uncorrected  errors 
of  refraction. 
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Peripheral  Vision. — Taking  the  field  of  vision  is  not  a  simple  matter.  The 
test  is  not  merely  a  physical  measurement  of  perception,  as  is  the  determina- 
tion of  central  vision  by  means  of  the  test  typ. -.  It  measures  the  perception 
of  an  area  not  arm-tunic.!  t«.  aer-iraie  judgment  and  makes  demand 
on  attention  and  intelligence  which  in  tin-  nature  of  the  ease  mav 
be  deficient.  The  results  vary  with  the  decree  of  daylight,  with  the 
condition  of  the  patient,  as  well  as  with  the  test  objects  used,  so  that 
tests  on  successive  days,  on  the  same  patient,  may  show  striking 
differences  in  the  limits  of  the  field  for  form  and  colors,  and  similar 
variations  in  the  appearance  of  defects  or  scotomac  in  which  the 
retinal  elements  or  nerve  fibers  have  been  impaired  but  not  de- 
stroyed. The  test,  therefore,  makes  demands  on  the  patience  and 
tact  of  the  examiner,  but 
it  is  of  such  importance 
that  it  should  not  be 
omitted  from  the  routine 
to  be  followed  in  all  cases 
of  intracranial  disease. 

The  defect  in  the 
field  may  be  an  early 
symptom,  before  choked  ^^^^  OPTOTYFI  LANDOLT 


FIG.    3.— 

WURDE- 

MAN'S 
TRANSIL- 

LTTMINA- 
TOR. 


disk  is  pronounced.  Tt 
is  not  necessary  to  wait 
for  swollen  nerves  where 
other  symptoms  point  to 
intracranial  pressure. 
Choked  disc  is  conclu- 
sive, but  if  an  earlier 
sign  is  available  in  cer- 
tain cases,  such  as  the 
color  interlacing  described  by  Gush- 
ing, it  must  be  looked  for  in  all  that 
are  suspicious. 

THE  PEEIMETER  AND  ITS  USE. 
—Peripheral  vision  is  examined  by 
means  of  the  perimeter.  The  choice 
of  an  instrument  is  of  less  impor- 
tance than  the  selection  of  the  colors 
and  the  observance  of  certain  details 
without  which  the  results  are  of  little 
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FIG.  4. — LANDOLT  TEST-TYPES.     These  te> 

particularly  emphasize  the  principle  of  the  test 
of  vision,  viz.:  the  smallest  angle  at  which  two 
points  can  be  separately  determined.  Letters 
are  as  a  matter  of  fact  very  unsatisfactory  ob- 
jects as  tests  of  vision. 

Landolt's  tot-types  consist  of  black  rings  on 
a  white  ground,  out  of  which  a  piece  with  paral- 
lel edges  has  been  removed.  The  subject  under 
test  is  then  required  to  indicate  by  word  or  mo- 
tion of  hand,  the  place  where  the  circle  is  broken. 
The  diameter  of  the  opening  corresponds  to  the 
tangent  of  the  angle  of  vision. 


value. 

Schweigger's  hand  perimeter  is  convenient  for  hospital  use,  especially  where 
patients  must  be  examined  in  bed.  There  must  be  ample  daylight  illuminating 
the  test  objects  equally  as  they  are  moved  to  different  parts  of  the  arc.  Artifi- 
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cial  light  does  not  permit  accurate  testing  with  colors,  as  the  values  of  blue  and 


'dObj<  Tf 'different  sizes  are  needed:  Usually  those  having  a  diameter  of 
20  in  5,  and  3  mm.  suffice,  although  smaller  objects  of  red  and  green  may  be 
needed'  to  .Meet  the  central  or  paracentral  scotomas  of  tobacco  or  alcohol  am- 
hlvopia  and  law  objects  may  also  be  useful  at  times. 

The  choice  of  colors  is  important,  and  especially  in  view  of  the  prominence 
•MV..II  to  interlacing  of  the  red  and  blue  fields  by  Dr.  Gushing  as  a  symptom  of 
intraeranial  pressure.  The  colors  used  by  me  for  several  years  are  pure  pri- 
mary colors  made  by  the  Milton  Bradley 
Co.,  and  are  to  be  had  from  E.  B.  Meyrowitz, 
237  Fifth  Avenue.  They  are  the  same  in 
saturation,  intensity,  and  surface  as  those 
recently  offered  by  Dr.  Clifford  Walker. 
Disks  or  squares  may  be  used,  and  it  is  not 
probable  that  the  results  will  vary  greatly. 

It  is  important  to  standardize  methods 
as  regards  colors,  sizes,  and  shapes  of  ob- 
jects, but  it  is  equally  important  to  simplify 
the  methods  and  materials  so  that  surgeons 
and  internes  may  not  be  deterred  from  mak- 
ing these  very  essential  tests  by  needless 
complications.  The  simplest  objects  are  thin 
squares  of  blackened  wood  of  the  sizes  men- 
tioned. On  the  opposite  sides  of  each  square 
are  pasted  a  blue  and  a  red  paper  covering 
the  surface  so  that  there  is  no  margin.  An- 
other square  on  the  opposite  end  of  the  slen- 
der blackened  rod  or  holder  carries  green 
and  white  or  gray  papers.  The  squares  can 

be  made  more  cheaply  than  the  disks  and  may  therefore  be  the  more  readily 
replaced  when  the  colors  are  dulled  by  use,  an  important  consideration  in 
hospital-. 

The  square  object  should  be  brought  in  along  the  arc  of  the  perimeter  with 

•    parallel  or  tangent  to  the  margin  of  the  field,  and  in  this  way 

it  heroines  a  hetter  »-u ide  to  the  color  perception  than  the  curved  edge  of  a  disk. 

MKTIIOD  OF  EXAMINATION. — The  eye  not  examined  is  covered  with  cotton 

hel.l  by  adhesive.     It.  is  important  to  avoid  pressure,  which  impairs  vision  for 

some  time,  and  it  is  also  important  to  cover  the  non-fixing  eye  completely. 

The  patient  fixes  the  center  of  the  arc;  the  examiner,  standing  in  front, 

should  control  this  fixation  rigidly.     This  is  not  easy  when  the  intelligence  or 

|M.\vpr  of  attention  of  the  patient  is  impaired,  but  without  accurate  fixation  the 

-nrement  of  peripheral  vision  is  misleading.    If  the  patient  glances  toward 

the  object  as  it  is  brought  inward,  his  statement  is  ignored  and  the  test  must  be 


S  n\\  KK.LKR'S  PERIMETER. 
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repeated.    The  movement  of  the  object  should  be  steady,  not  so  slow  as  to  < 

I'u  ti  »-ue,  and  without  oscillation. 

It  is  best  to  begin  with  a  blue  object  of  10  mm.     If  tin-  d:i\  liirht  is  good,  this 
will  be  seen  as  a  light  spot  at  the  periphery  of  the  liel.l.  and  this  ],.>int  is 
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Size  of  Object  10  mm.» 

FIG.  6. — SCHEME  FOR  FIELD  OF  VISION.    (After  Professor  Grenouw.)    Size  of  object,  10  mm.*  Published 

by  J.  F.  Bergmann,  Wiesbaden. 

Journal  No Field  of  vision  for 

Name White  — 

Date Blue —   — — 

Disease . . .  Red  . . 


Acuteness  of  vision. 


Green  —    .    —    .    —    .    — 
Distance,  31  cm. 


on  the  chart,  and  the  same  object  is  brought  in  until  the  blue  color  is  recog- 
nized. The  handle  is  then  rotated,  exposing  the  red  surface,  and  brought  in 
until  this  is  recognized.  If  red  is  seen  as  soon  as,  or  before,  blue,  the  normal 
order  is  reversed  and  there  is  interlacing,  to  which  attention  has  been  called  by 
Dr.  Gushing.  Tf  blue  is  not  recognized  as  a  light  object  at  the  periphery,  a 
gray  or  white  object  must  be  used,  but  the  use  of  blue  in  cases  where  the  field  i- 
normal,  or  nearly  so,  is  equivalent  to  neutral  gray  and  is  a  more  delicate  test 
than  a  white  object.  It  also  spares  one  step  in  the  tedious  process. 


8  THE    EYE 

The  cardinal  principle  in  perimetry  is  to  use  the  smallest  and  least  striking  object 
visible  in  the  periphery  of  a  normal  eye  under  given  conditions  of  light,  and  to  choose 
larger  and  in-n-  ronspicuous  objects  in  proportion  to  the  diminished  function  or  men- 
tality of  the  patient. 

There  IMIM  be  no  suggestion  to  the  patient  as  to  the  color,  and  the  rotation 
of  the  disk  with  alternation  of  the  colors  gray,  blue,  and  red  should  be  practiced 
to  avoid  a  regular  repetition  of  an  order  which  would  enable  the  patient  to  an- 
ticipate the  color  before  it  is  seen. 

The  eye  should  be  closed  for  a  moment  at  frequent  intervals  to  avoid  fa- 
tigue. 1  f  the  ophthalmoscope  has  been  used,  the  eye  must  be  allowed  to  rest  for 
at  least  a  quarter  of  an  hour  before  the  field  is  taken. 

Auhert  savs :  "When  the  eye  is  fixed  on  the  central  point  of  the  perimeter, 
the  peripheral  zone  of  the  retina  becomes  fatigued  more  quickly  by  color  sen- 
sations than  the  central  zone."  This  is  especially  true  for  colors,  and  it  seems 
to  apply  to  blue  more  than  to  red:  For  instance,  in  a  prolonged  perimetric 
examination,  if  the  mental  state  of  the  patient  is  dull,  or  the  attention  wander- 
ing, a  blue  object  is  sometimes  seen  less  readily  in  the  periphery  after  several 
repetitions,  while  the  stimulus  of  the  red  object  of  the  same  size  and  intensity  is 
perceived  promptly.  This  does  not  necessarily  mean  that  the  field  for  blue  is 
narrowed,  but  it  may  explain  some  cases  of  interlacing  of  red  and  blue.  It  is 
most  important,  therefore,  to  alternate  the  colors,  to  give  the  eye  frequent  brief 
periods  of  rest,  but  not  to  be  too  deliberate. 

Examination  of  Blind  Spot. — The  measurement  of  the  function  of  the  cen- 
tral portion  of  the  retina  is  of  even  greater  importance  than  that  of  the 
periphery,  and  it  should  be  a  part  of  all  thorough  examinations  of  the  visual 
function. 

The  classical  method  is  that  of  Bjerrum,  on  a  screen  at  1  or  2  meters  dis- 

.  \\ith  small  objects  of  2  mm.  and  5  mm.  diameter. 

For  this  test  we  are  looking,  first,  for  the  sharp  edges  of  absolute  scotomas, 
as  the  edge  of  the  blind  spot  and  defects  that  occur  in  glaucoma  and  toxic 
amblyopia;  the  smallest  and  brightest  object  is  best,  therefore,  as  Bjerrum  first 
a.lvise.l,  hut  it  adds  to  the  value  of  the  test  if,  after  having  determined  the  ab- 
;te  area  of  a  scotoma  or  the  blind  spot,  we  estimate  the  relative  function  of 
.argin  for  color  or  gray.    We  have  not  yet  reached  definite  conclusions  re- 
:inir  the-  iiirjminir  of  these  defects,  and  a  careful  study  of  a  large  number  of 
cases  miri  !..•  made  and  the  progress  of  the  visual  defects  watched  in  connection 
itli  the  ophthahnoecopic  picture,  and  especially  with  the  changes  in  the  acces- 
«M?"  -md  the  results  of  treatment. 

"hiof  advantage  of  the  Bjerrum  test  is  the  magnification  of  the  blind 

11  defects,  because  of  the  greater  distance  at  which  the  test  is  made; 

k  of  imperfect  fixation,  but  this  is  true  of  all  perimetric  tests. 

k  o    \  an  dor  Hoeve,  Do  Kleijn  and  many  others  has  called  attention 

n  papillary  scotoma  or  enlargement  of  the  blind  spot  as  a  symptom  of 

great  importance  in  disease  of  the  nasal  sinuses. 
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In  conclusion,  the  patient  should  not  be  fatigued,  because  both  the  attention 
and  the  j.ercept  ion  suffer.  In  functional  conditions,  such  as  neurasthenia,  it  is 
easy  to  obtain  very  j.ii//liii»-  results  if  the  test  is  prolonged.  It  is  better,  there- 
fore, at  the  first  attempt,  to  train  the  patient,  in  the  method  and  to  make  a  <jiiick 
test  of  the  hxation  point  for  white,  and  colors  and  tin-  Imri/oiital  and  vertical 
dimensions  of  the  blind  spots,  watchin-  f«>r  n-ns  of  tlaiiirini:  attention,  or  for 
fatigue  of  the  retina  such  as  occurs  in  glaucoma.  An  evanescent  blur  or  a 
relative  scotoma  may  be  marked  on  the  reverse  of  the  screen  for  future  refer- 
ence, without  the  knowledge  of  the  patient,  and  returned  to  later  for  verification. 

The  mapping  out  of  defects  with  as  much  precision  as  possible  is  important, 
as  all  changes  in  their  shape  and  size  arc  siiMiitieant.  The  responsibility  that 
rests  on  the  ophthalmologist  is  not  light.  Upon  his  decision  may  depend  the 
choice  of  a  radical  operation  on  the  accessory  sinuses  or  of  a  more  conservative 
procedure. 

The  appearance  of  the  optic  nerve  may  not  assist  the  diagnosis.  In  disease 
of  the  posterior  ethmoid  and  sphenoid  cells  there  may  be  no  perceptible  conges- 
tion or  swelling  of  the  nerve,  and  yet  the  enlargement  of  the  blind  spot  must 
be  considered  an  early  and  apparently  a  pathognornonic  symptom.  On  the 
other  hand,  in  an  early  stage  of  choked  disk,  where  the  nerve  is  hyperemic  or 
even  swollen,  the  blind  spot  may  not  be  enlarged. 

In  glaucoma  the  presence  of  small  paracentral  scotomas  are  as  significant 
as  coarser  defects  in  the  periphery.  De  Schweinitz  and  Holloway  have  shown 
the  importance  of  scotomas  as  an  early  symptom  of  hypophysis  disease. 

The  measurement  of  the  blind  spot  has  been  made  with  sufficient  accuracy 
with  white  and  with  brightly  colored  objects  to  enable  us  to  postulate  a  normal 
area,  but  with  duller  test  objects  or,  what  is  practically  the  same,  uncertain  day- 
light, the  limit  of  the  fields  above  and  below  and  beyond  the  blind  spot,  for 
small  objects,  may  vary.  It  is  important,  therefore,  for  every  one  to  accustom 
himself  to  his  environment  and  to  take  a  sufficient  number  of  fields  of  normal 
eyes.  The  results  are  not  absolute ;  they  depend  on  many  conditions,  most  of  all 
on  the  patience  of  the  examiner. 

Relation  of  Vision  to  Cerebral  Surgery. — A  review  of  the  relation  of  vision 
to  cerebral  surgery,  however  brief,  would  be  incomplete  without  reference  to 
Harvey  Gushing' s  work  on  the  pituitary  body.  The  conclusions  drawn  from 
his  carefully  studied  cases  are  given  in  a  few  paragraphs  and  should  be  read  in 
connection  with  the  case  histories.  Quotation,  however,  may  be  permitted : 

Dr.  Gushing  considers  the  visual  disturbances  to  be  the  most  common  and,  natu- 
rally, the  most  serious  of  all  neighborhood  signs.  The  optic  ncrvos  are  apt  to  suffer 
in  different  forms  of  pituitary  disease  and  the  degree  of  implication  of  chiasm,  nerves 
or  tracts  bears  no  direct  relation  to  the  size  of  the  sella.  This  point  is  illustrated  by 
a  number  of  cases.  For  instance,  in  most  of  the  acromegalics  there  was  an  enlarged 
sella  without  visual  disturbance,  while  in  the  patients  with  primary  hypopituitarism 
and  chromophobe  struma  the  visual  disturbances  were  usually  profound.  The  atrophy 
is  a  so-called  primary  one  and  the  disk  shows  no  edema  except  in  the  late  stages,  when 
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the  growth  has  reached  such  a  size  as  to  lead  to  general  pressure  P^^'jJ™  £ 

,<t  ni-i  jority  of  instances  to  an  occlusion  of  the  foramen  of  Monro     This  oomph 

h   brings  on  pressure  symptoms  with  some  abruptness,  with  an  increase 

S  ££• and  po^ibly  vomiting;  and  under  these  conditions  a  choked  disk  may 

Lome  ^Perimpoaed  on  the  atrophic  nerve  head.    Still,  even  this  sequel  cannot  pro- 

a  ncuroretinal  edema  if  the  nerves  are  completely  enveloped  in  the  tumor  mass, 

for  tin-  sheath  of  Srhwalbe  1,111  no  longer  be  distended  by  the  tense  cerebrospinal  fluid. 

A  number  of  etsei  are  cited  in  which,  after  operation,  there  was  a  restoration  of  vision 

in  previous*  Mind  eyes-which  leads  to  the  conclusion  that  the  amblyopia  associated 

with  an  apr'an-nt  primary  atrophy  more  often  represents  a  physiological  block  to  light 

impulses  than  an  actual  destruction  of  the  nerves. 

Some  degree  of  exophthalmos  has  been  shown  by  almost  all  patients  with 
tumor.  It  is  rare  in  the  absence  of  definite  growth.  Presumably,  therefore,  it 
is  purely  a  local  stasis  phenomenon  (cavernous  sinus?). 

6  distortion  of  the  visual  field  was  found  in  all  but  2  of  Dr.  Cushing's 
L' ::  patients  showing  pronounced  neighborhood  symptoms.  However,  the  sup- 
l»osr.l  tvpical  lutomporal  hemianopsia  with  a  vertical  meridian  which  bisects  the 
maeula  is  conspicuously  rare  in  the  series.  Indeed,  in  the  21  cases  there  are 
onlv  :;  instances  of  fairly  symmetrical  bitemporal  field  defects,  and  it  was  for- 
tuitous that  the  patients  happened  to  be  seen  in  exactly  this  stage  of  the  process. 
Of  the  remaining  18  patients,  1  was  blind  on  admission,  doubtless  after  a 
bitemporal  hemianopsia,  and  another  was  nearly  so,  though  some  vision  returned 
in  the  nasal  fields  after  the  operation.  Eleven  of  the  patients  were  blind  in  one 
the  process  having  started  as  a  bitemporal  defect  in  6  instances,  as  a 
homonymous  defect  in  4  and  being  uncertain  in  2.  One  of  the  patients  showed 
a  typiejil.  and  another  a  fairly  typical,  homonymous  hemianopsia. 

I  >r.  ( 'nshing  continues: 

It  becomes  apparent  from  this  brief  summary,  in  the  first  place,  that  homonymous 

r  tendencies  in  this  direction,  are  at  least  half  as  frequent  as  bitemporal 

ones.    Indeed  they  are  probably  quite  as  frequent,  for  in  a  number  of  the  patients  who 

have  IM-.-H   referred  to  us  the  diagnosis  has  been  based  solely  on  the  existence  of  a 

I'it.-niporal  hemianopsia,  and  doubtless  there  are  many  in  whom  a  homonymous  defect, 

•  v«  n  though  eoupled  with  pallor  of  the  disks,  would  have  been  regarded  as  equally  sig- 

ninVant.    It  is  apparent,  in  the  second  place,  that  unilateral  amblyopia  may  occur  with 

but  little  if  any  perimetric  deviation  in  the  field  of  the  opposite  eye.     Finally,  and 

wh.it   M  perhaps  of  greater  clinical  significance,  mere  tendencies  toward  temporal  de- 

Miu-t  !•«•  carefully  looked  for,  particularly  defects  limited  to  the  color  peripheries, 

-lies  the  perimeter  to  serve  in  making  a  diagonsis  before  the  time  when  crude 

tinker  tests  suffice  to  demonstrate  a  complete  hemianopsia.    Heretofore  perimetric  in- 

iMtions  of  these  conditions  have  been  confined  largely  to  the  observance  of  ad- 

mg  lesions,  and  as  the  process  is  notably  slow,  often  extending  over  years,  the 

sequence  of  the  changes  is  rarely  observed. 

OPHTHALMOSCOPIC    EXAMINATION 

The  electric  ophthalmoscope  has  converted  what  was  formerly  difficult  and 
obscure  into  a  procedure  so  simple  that  no  modern  practitioner  hesitates  to 
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make  his  own  examination  in  the;  ordinary  light  of  room  or  ward,  gaining 
iherehy  .-in  early  knowledge  ,,!'  eonditions  whieh  were  formerly  thought  to  be 
the  province  of  the  specialist.  It  is  obvious.  however,  that  some  speeial  i raining 
is  needed  to  <lisceni  the  varied  rhanues  in  tlie  fundiis  and  to  interpret  them. 

1 1  should  not  he  necessary  to  dex-rihe  the  ophthalmoscope  or  the  method  of 
using  it.  The  electric  ophthalmoscope  invented  hv  I  )r.  Dennett,  modified  and 
improved  by  Dr.  Marple,  by  whose  name  it  is  known,  and  made  by  K.  I>. 
Mevrowitx,  is  an  instrument  of  precision  with  many  refinements  of  technic, 
enahling  one — by  minute  modifications  of  the  !i-ht  by  means  of  the  rheostat, 
by  changes  of  focus  of  the  lamp,  by  mo\  in-  the  .-nil  on  the  handle  up  and  down, 
and  especially  by  altering  the  correcting  glass  in  the  ophthalmoscope  itself,  so 
that  different  levels  of  the  fundus  may  be  studied  and  their  elevations  or  de- 
pressions measured — to  study  the  changes  in  the  eyes  exhaustively. 

Another  type  is  the  De  Zeng  ophthalmoscope,  less  delicate  in  its  adjustments, 
but  a  very  serviceable  instrument  and  less  fragile. 

The  method  should  be  practiced  constantly  and  needs  no  elaboration  here,  but 
a  few  suggestions  may  be  made :  A  1  per  cent,  solution  of  homatropin  may  be 
used  to  dilate  the  pupils,  with  safety  in  most  cases,  but  it  will  occasionally  pre- 
cipitate an  attack  of  glaucoma,  especially  in  elderly  people.  Before  using  it, 
then,  it  is  wise  to  inquire  for  the  prodromal  symptoms  and  to  test  the  tension 
with  the  fingers.  It  is  prudent  and  considerate  to  follow  the  dilatation  of  the 
homatropin  with  a  drop  of  a  1  per  cent,  solution  of  pilocarpin. 

The  amount  of  light  used  should  be  controlled  by  the  rheostat.  Fine  distinc- 
tions of  color  are  seen  best  with  a  moderate  illumination,  brighter  light  being 
reserved  for  the  study  of  small  details.  The  comfort  of  the  patient  and  the 
saving  of  lamps  are  also  reasons  for  avoiding  too  intense  a  light. 

The  ophthalmoscope  should  be  used  to  study  the  condition  of  the  transparent 
media.  With  a  plus  glass  of  4  D.  to  10  D.,  held  at  a  short  distance  from  the 
patient's  eyes,  traces  of  old  vessels  in  the  cornea,  the  sign  of  interstitial  kera- 
titis,  or  the  circumscribed  opacities  of  old  phlyctenules,  indications  of  consti- 
tutional conditions,  syphilis  and  tuberculosis,  may  be  seen  and  utilized  by  the 
careful  diagnostician.  The  presence  of  cataract  and  of  opacities  in  the  vitreus 
may  modify  the  appearance  of  the  fundus ;  astigmatism  also  may  cause  a  blurred 
outline  of  nerve  and  vessels  which  would  be  misleading  if  the  cause  were  not 
recognized.  Finally,  the  examination  is  not  complete  without  a  careful  ex- 
ploration of  the  periphery  of  the  fundus  for  signs  of  retinitis  and  choroiditis, 
and  the  region  of  the  macula  lutea  should  be  studied  with  as  much  care  as  the 
nerve  itself. 

CHOKED  DISC 

Etiology  and  Diagnosis. — Choked  disc,  or  papilledema,  is  caused  in  part  by 
increased  intracranial  pressure.  There  are  undoubtedly  other  factors,  but  they 
are  not  definitely  known.  The  terms  optic  neuritis,  papillitis,  and  neuroreti- 
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nitis  apply  to  conditions  associated  with  infections,  toxemias,  and  inflammation 
all,l  ^le  in  all  of  these  conditions  the  appearances  may  be  very  similar  to  that 
Mf  eh,,ked  diBG  as  a  rule  the  edema  is  more  diffuse  and  the  elevation  of  the  disc 
less  «hurn.  Tlu*  terms  neuritis  and  papillitis  imply  an  inflammatory  cause 
whirh  ifl  oof  known  to  exist  in  choked  disc;  therefore,  it  is  well  to  discard  them 
in  the  o.M.i.lrrution  of  diseases  dependent  on  intracranial  pressure.  No  line 
can  be  drawn  that  will  separate  all  cases  of  optic  neuritis  from  choked  disk. 
The  same  opbthalinoscopic  picture  may  occur  in  nephritis,  diabetes,  syphilis, 

infection*  diseases,  in  meningitis,  abscess  of  the  brain,  and  otitis  media. 
Less  frf.pit.nt  causes  are  lead  poisoning  and  anemia.  The  list  of  recorded  causes 
is  Ion-  aiul  it  is  essential  to  exclude  them  in  a  doubtful  case  before  deciding 
upon  an  operation  for  the  relief  of  pressure,  unless  other  symptoms  are  present 
and  decisive. 

Cases  illustrating  the  difficulties  of  diagnosis,  as  well  as  a  very  complete 
review  of  the  subject,  may  be  found  in  "Neurologie  des  Auges"  (4  Band, 
/.writ.-  HaltVi,  Wilbrand  and  Sanger. 

rbtbotf  gives  the  following  classification  of  the  causes  of  choked  disc  in  204 

cases:  Cases 

1  Irain   tumor    ..............................................  134 

Cerebral  syphilis  ...........................................  2  / 

Cerebral  t  ubereulosis  or  meningitis  ...........................  9 

rvbral    abscess    ...........................................  T 

llyilriieephalus     ............................................  ^ 

Meningitis    ................................................  2 

Cysticercus     ...............................................  2 

Sinus  thrombosis   ..........................................  2 

Bone  cicatrix  of  skull  .......................................  1 

!  i.-formity   of   skull  .........................................  3 

i-hritis    .......................................  .  .........  3 

Nephritis  and  lead  poisoning  ................................  1 

Anemia    ...................................................  2 

Uncertain  diagnosis  ........................................  4 

Since  Von  Graefe's  classification,  in  1860,  a  swelling  of  the  nerve  of  2  D. 
or  more  (2/3  mm.)  has  been  called  choked  disc.  Eecently  the  name  papill- 
edema  has  been  •*  invested  as  describing  the  earlier  stage  before  the  swelling  has 
reached  its  fuller  development. 


n^n-ss  of  brain  surgery  has  made  the  earliest  possible  diagnosis  of  intra- 

inl    pifwurr   .l.-irable.      Decompression  has   undoubtedly   saved  vision   in  many 

caw*  by   pn-vntini:  tl,,-  .l.-velnpnient  of  choked  disc.     It  is  therefore  most  important 

»!»••  .-.-irliest  eliangf'8,  when  the  nerve  fibers  are  still  unimpaired  by  the  pres- 

•  lema  and  atrophic  changes  have  not  begun.    See  treatment  of  Fractures 

..f  th.-  Skull. 

Course  of  Choked  Disc.-The  swelling  of  the  nerve  may  be  rapid,  reaching 
i  full  development  in  a  few  weeks,  or  it  may  extend  over  a  period  of  months  or 
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years,  gradually  passing  into  a  stage  of  atrophy  if  decompression  has  not  been 
done. 

Any  attempt,  to  divide  the  prow.—  into  stages  is  artificial,  but  the  following 
classification.**,  modified  by  dishing  from  that  tir>t  »iven  hy  Marcus  Gunn,  ha.s 
value  aii'l  is  quoted  with  slight  modifications  from  Dr.  dialling's  second  paper. 

STAGE  1. — This  shows  some  hyperemia  of  the  disks,  with  haziness  of  the 
upper  and  lower  mam  ins  where  they  are  crossed  by  the  main  vessels.  This 
haziness  gradually  spreads  over  and  obscures  the  nasal  half  of  the  disk,  tin- 
temporal  edge  remaining  clear.  There  is  some  tilling  in  of  the  physiologic  cup, 
the  lamina  cribosa  being  obscured,  and  the  veins  an-  .-lightly  full  and  sinuous. 
Visual  acuity  is  not  affected.  A  prompt  restoration  occurs  after  decompression* 

STAGE  2. — The  swelling  of  the  papilla,  now  ohseurini:  the  temporal  as  well 
as  the  nasal  margin,  has  herome  measurable,  the  physiologic  cup  is  filled  in,  and 
there  may  be  an  extension  of  the  edema  to  the  surrounding  retina.  There  is  an 
outspoken  stasis  with  tortuosity  of  the  veins.  Then-  is  apt  to  be  a  subjective 
lowering  of  acuity,  but  this  may  he  absent  even  in  the  succeeding  stage.  Con- 
traction of  the  Held,  especially  for  colors,  may  he  present.  IJapid  return  to  the 
normal  follows  relief  of  pressure. 

STAGE  3. — There  is  a  further  swelling  of  the  papilla,  which  is  now  definitely 
prominent  and  spreads  over  a  larger  fundus  area.  The  normal  margins  of  the 
nerves  are  lost.  The  margin  of  the  swollen  nerve  may  be  abrupt  or  may  i 
into  the  edematous  retina  which  shows  striations  and  hemorrhages.  Visual 
acuity  is  usually  reduced  and  the  fields  contracted,  but  normal  relations  are 
restored,  and  usually  normal  acuity,  after  adequate  decompression. 

STAGE  4. — The  papilla  becomes  more  prominent  and,  losing  its  reddish 
color,  becomes  opaque.  Hemorrhages  may  be  more  numerous  and  larger,  and 
exudates  similar  to  those  seen  in  nephritis  may  be  present  on  the  disk  or  in  the 
surrounding  retina.  Many  cases,  however,  especially  those  of  slow  onset,  re 
main  free  from  hemorrhages  and  exudate.  There  is  new  tissue  formation, 
giving  a  fluffy  appearance  to  the  disc.  Acuity  of  vision  is  considerably  lowered. 
There  may  be  transient  amaurotic  periods.  There  is  further  contraction  of  tin- 
field  and  colors  may  be  seen  only  in  large  objects.  Complete  pressure  relief  such 
as  may  be  afforded  by  tumor  extirpation,  or  by  adequate  decompression  in  a 
case  with  symptoms  of  short  .duration,  may  lead  to  an  almost  total  restoration 
of  vision,  but  if  the  condition  at  this  stage  has  been  of  long  standing,  and  there 
is  an  excess  of  new  tissue  formation,  there  may  be  a  further  postoperative  low- 
ering of  vision  as  the  edema  subsides. 

According  to  De  Schweinitz,  "The  attacks  of  temporary  amaurosis,  lasting 
from  a  few  minutes  to  a  few  hours,  followed  by  a  restoration  of  the  vision  to 
that  which  existed  prior  to  their  occurrence,  may  be  an  early  symptom,  even 
preceding  the  choked  disc." 

STAGE  5. — There  is  a  gradually  decreasing  vascularity  of  the  papilla.  Its 
surface  becomes  paler  than  normal  and  shows  the  fine,  Huffy  appearance  due  to 
new  tissue  formation,  the  contraction  of  which  tends  to  produce  a  subsidence  of 
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the  measurable  swelling.  This  may  disclose  the  shimmering  atrophic  disc  as 
thnm.'h  a  mist.  The  arteries  tend  to  become  of  smaller  caliber  and  the  thicken- 
ing of  ,|lt.ir  p<Tivascular  lymph  sheaths  is  apparent.  This  is  the  stage  of 
itrophj  with  supposedly  (Gunn  )  inevitable  blindness.  Acuity  is  reduced  to  the 

rin,,  of  liners  or  less.  There  are  frequent  periods  of  temporary  amaurosis. 
re  usuallv  not  seen,  but  small  form  fields,  often  requiring  large,  bright 

to,  may  !>«•  plotted.  These  often  show  a  tendency  to  a  binasal  hemianopsia 
wi'tl.  km  «>f  mitral  vision.  Some  vision  may  be  preserved  by  operation. 

Changes  in  Visual  Field.—  The  close  relation  of  choked  disc  to  changes  in 
thr  tirl.l  of  vision  must  be  kept  constantly  in  mind.  Dr.  Gushing  associates  the 
color  interlacing  the  blue  within  the  red,  with  the  early  stages  of  choked  disc, 
as  has  been  stated  in  this  article.  It  is  probably  not  a  reliable  symptom,  but  it 
may  be  of  value  and  should  be  looked  for.  Its  detection  is  a  simple  step  in  the 
routine  as  described  above. 

I  n  his  second  paper  he  says  : 

"Tlu-iv  have  l.rrii  ten  cases  of  tumor  which  have  shown  color  interlacing,  either 
in  tin-  total  absence  of  a  choked  disc  or  with  a  very  incipient  process  observable  in  the 

grounds,  As  the  reader  will  surmise,  therefore,  these  represent  cases  in  which 
1...  -ali/iiiir  (irritative)  symptoms  have  led  to  a  precocious  surgical  intervention  and  con- 
sequently to  tin-  best  operative  results. 

"Tims,  in  these  ten  cases  the  tumor  was  enucleated  in  five  instances,  was  exposed 
nnii  rniisidrri-d  irremovable  in  one,  and  was  unrealizable  and  not  disclosed  by  the 
operation  (decompression)  in  four.  In  all  of  them  the  normal  color  relations  were  re- 
stored after  the  operation." 


Thr  rhaiiiivs  of  the  visual  field  which  occur  in  connection  with  choked  disc 
are  dependent  in  part  on  the  pressure  of  the  edema  and  new  formed  connective 

;<•  on  the  nerve  fibers.  The  first  change,  not  constant,  is  an  enlargement  of 
the  blind  >p«»t.  Then  the  periphery  is  narrowed.  This  is  especially  noticeable  if 
tin-  Hi-Id  is  measured  with  a  gray  object  or  with  blue  as  has  been  suggested.  It 
means  that  the  quantitative  vision,  or  sensitiveness  of  the  retina  to  a  modified 
lid  it  stimulus,  is  impaired,  and  not  that  there  is  a  loss  of  the  specific  blue  per- 
ception. Later,  as  the  connective  tissue  contracts,  the  red  field  suffers  most. 
rs  arc  lost  <>r  scotomas  appear  in  the  field. 

Finally,  as  the  contraction  of  the  fibers  progresses,  the  field  narrows  to  the 

'  "ii  point,  colors  are  lost,  and  in  a  certain  number  of  cases,  as  Gushing  in 
hi-  third  paper  states,  the  nasal  fields  are  lost,  showing  that  the  uncrossed  fibers 
tn  the-  temporal  halves  of  the  retina  are  interrupted  by  pressure  of  the  dilated 
thin!  ventricle,  which  forces  the  tracts  or  nerves  against  the  rigid  carotids.  Dr. 
notr.l  this  condition  in  5  to  6  per  cent,  of  his  300  cases.  He  says 
that,  it  .HTiira  as  a  late  sequel  of  an  advanced  choked  disk  in  the  stage  of  reces- 
«i«»n  of  the  rdcma;  and  a  bilaterally  symmetrical  process,  implying  an  equal 
d^gnv  of  involvement  of  the  2  eyes,  suggests,  as  a  rule,  a  distant,  often  a 
cerebellar,  lesion  with  secondary  hydrocephalus. 
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Choked  Disc  and  Brain  Tumors.— Choked  disc  occurs  in  more  than  80  per 
cent,  of  all  cases  of  cerebral  tumor.  The  elevation  of  the  disc  at  its  height 
averages  4.5  D. 

In  cerebellar  tumors  the  percentage  is  higher  (88  per  cent.,  Uhthoff, 
100  per  cent.,  L.  Paton)  and  the  height  of  the  swollen  nerve  is  1  D.  to  2  D. 
greater. 

Choked  disc  may  be  present  with  tumors  in  any  re<:inn ;  its  existence  gives 
no  evidence  as  to  the  size  or  nature  of  the  p-uwth.  The  localization  of  the 
growth  is  often  difficult  and  depends  on  other  symptoms  which  need  not  be 
discussed  here,  as  they  would  require  a  review  <•!'  the  neurological  field  far 
beyond  the  scope  of  this  article.  In  general,  it  may  be  said  that  tumors  involv- 
ing the  surface  of  the  anterior  frontal  and  the  motor  convolutions  are  less  apt 
to  be  associated  with  choked  disc. 

Tumors  of  the  deeper  parts  of  the  frontal  lobes  may  produce  characteristic 
symptoms  by  pressure  on  the  chiasm  and  the  optic  nerves :  hetnianopsia,  atrophy 
preceded  by  retrobulbar  neuritis  with  central  scotoma,  ami  with  choked  disc  on 
the  opposite  side,  as  has  been  well  shown  by  Foster  Kennedy. 

Tumors  of  the  temporal  and  occipital  lobes  are  accompanied  by  clinked  disc 
more  frequently,  the  latter  associated  with  crossed  homonymous  hemianopsia, 
which,  however,  must  be  differentiated  from  the  hemianopsia  due  to  disease  of 
tract  or  chiasm.  The  Wilbrand  pupil  reaction  and  prism  test  may  be  men- 
tioned as  means  of  distinguishing  tract  hemianopsia  from  that  due  to  lesions  of 
the  occipital  lobe. 

A  symptom  of  disease  of  the  optic  centers  is  shimmering,  sparks,  or  even 
visual  hallucinations,  in  the  blind  field.  It  should  be  remembered  that  a 
tumor  of  the  parietal  or  temporal  lobes  may  cause  partial  hemianopsia  by  pres- 
sure on  the  optic  radiations. 

Choked  disc  is  most  frequent  in  tumors  of  the  cerebellum,  next  of  the  basal 
ganglia,  and  occurs  least  often  when  the  pons,  medulla,  and  corpus  callosum  are 
involved. 

That  choked  disc  appears  first,  and  is  more  advanced  or  more  pronounced 
on  the  side  of  the  tumor  in  a  majority  of  cases,  is  probably  true.  Recent  ex- 
perimental work,  as  well  as  clinical  observation,  supports  this  view. 

Treatment. — Operations  undertaken  for  the  relief  of  intracranial  pressure 
are  either  radical  or  palliative.  As  Dr.  Frazier  says,  it  is  a  well-known  fact 
that  the  large  majority  of  tumors,  whether  pretentorial  or  subtentorial,  are  in- 
operable. That  is  to  say,  the  majority  are  either  inaccessible,  or  impossible  of 
localization,  or  of  such  a  nature  as  to  make  their  removal  inconsistent  with  the 
maintenance  of  life.  Dr.  Frazier  concludes  that  75  per  cent,  to  80  per  cent. 
are  inoperable.  Decompression  is,  therefore,  the  proper  operation  in  a  large 
majority  of  cases.  It  means,  if  done  sufficiently  early,  preservation  of  vision 
and  a  relief  from  headache  and  vomiting,  and  it  does  not  prevent  the  perform- 
ance later  of  a  radical  operation  for  the  removal  of  a  tumor  if  the  development 
of  symptoms  permits  localization. 
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Summary. — What  has  been  said  may  be  summarized  briefly  as  follows: 

•  •xistriuv  of  choked  disc  demands  an  immediate  and  thorough  investigation. 
If  it  is  not  due  to  toxemia  or  to  infection,  the  probability  of  increased  intracranial 
pressure  must  be  kept  in  mind,  and  the  corroborative  symptoms,  headache,  vertigo,  and 
vomiting,  as  well  as  the  symptoms  referable  to  the  other  cranial  nerves,  must  be 
studied. 

The  field  of  vision  and  the  blind  spot  must  be  measured  at  frequent  intervals,  and 
at  the  first  sign  of  loss  of  central  or  peripheral  vision,  decompression  must  be  prac- 
ticed without  waiting  for  developments  which  might  aid  localization. 

The  prompt  and  adequate  relief  of  intracranial  pressure  at  an  early  stage  of 
rhi'ktxi  disc  offers  the  best  hope  of  preservation  of  vision  as  well  as  of  relief  from  the 
distressing  headache  and  vomiting,  and  this,  in  a  majority  of  cases  of  cerebral  tumor, 
is  all  that  can  be  expected. 


CHAPTER  II 

OPERATIONS   ON  THE   EYE   AND   ITS   APPENDAGES 
JOHN  M.  WHEELER 


GENERAL    CONSIDERATIONS 

Whether  an  eye  operation  calls  for  general  anesthesia  or  not,  it  is  always 
wise  for  the  patient  to  have  free  purgation  before  he  is  operated  upon.  Ex- 
amination of  the 
heart,  hmgs,  and  kid- 
neys should  be  made, 
and  the  patient's  gen- 
eral condition  should 
never  be  lost  sight  of 
by  the  surgeon.  Often 
it  is  important  that 
diseased  conditions 
which  might  give  rise 
to  coughing,  sneez- 
ing, vomiting,  hemor- 
rhage, or  lowered  vi- 
tality should  be  rem- 
edied before  a  patient's  eye  is  operated  on.  Any  measure  which  will  aid  in 
putting  the  eye  patient  into  the  best  possible  physical  condition  before  opera- 
tion should  be  employed. 

Before  operating  it  may  be  necessary  to  combat  an  infection  of  the  con- 
junctiva, cornea  or  lacrimal  sac.  In  preparing  a  patient  with  a  diseased  lac- 
rimal  sac  for  operation  on  the  eyeball,  usually  it  is  unwise  to  employ  such 
conservative  treatment  as  irrigation  and  probing,  but  rather  complete  extir- 
pation of  the  sac  should  be  performed  at  once  in  order  to  render  the  eye  free 
from  the  danger  of  infection  which  an  inflamed  sac  offers. 

The  local  preparation  of  the  patient  is  usually  simple.     The  eyelids,  eye- 
brows and  skin  of  the  face  about  the  eye  should  be  thoroughly  cleansed  with 
soap  and  water  applied  with  cotton  sponges,  followed  by  sponging  and  irriga- 
3B 


FIG.  1. — OPHTHALMIC  OPERATING  TABLE. 
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'SZZ^^&^-i*  and wears  a  sterile  -p.-*  *£ 

Some  ophthalmic  surgeons  choose  to  wear  a  covering  for  the 
mouth  and  nose,  but  few  are  accustomed  to  wearing  gloves 

for  eye  surgery. 

A  good  overhead  daylight  is  best  for  most  eye  work,  as  it 
is  less  taxing  on  both  the  patient  and  the  operator  than  a 
brilliant  artificial  light;  but  for  a  few  operations,  such  as 
discission  of  the  anterior  or  posterior  capsule  of  the  lens  and 
extirpation  of  the  lacrimal  sac,  a  penetrating  condensed  arti- 
ficial illumination  is  called  for. 

The  patient's  head  should  be  at  such  a  height  as  to  enable 
the  operator  to  work  comfortably  in  the  standing  posture. 
Some  ophthalmic  surgeons  prefer  to  sit  while  operating,  but 
one  who  has  accustomed  himself  to  the  standing  position  is 
conscious  of  the  restriction  in  movement  which  the  sitting 
position  entails.    Anything  which  interferes  with  freedom  of 
movement  on  the  part  of  the  surgeon  should  be  avoided. 
For  most  operations  the  surgeon  can  work  to  better  advantage  at  the  pa- 
tient's head,  and  not  at  one  side,  although  some  skilled  operators  choose  to 
stand  or  sit  on  the  right  or  left  of  the  patient. 


Fio.  2. — IRRIGATION 
BOTTLE  AND  BULB. 


ANESTHESIA  FOR  EYE   OPERATIONS 

Local  anesthesia  is  used  for  the  greater  part  of  eye  operating.  Whether  a 
general  or  local  anesthetic  should  be  used  must  be  left  usually  to  the  discretion 
«>t'  the  operator.  In  many  operations  the  choice  may  be  left  with  the  patient. 
S|M-akiii!»  broadly,  it  may  be  said  that  general  anesthesia  is  called  for  in  such 
operations  as  enucleation  of  the  eyeball  or  any  of  its  modifications,  in  opera- 
ti"iiM  on  the  orbit,  in  operations  for  acute  glaucoma  or  on  eyes  painful  and  sensi- 

from  any  cause,  in  all  operations  on  babies  and  young  children,  and  in 
operations  on  the  eyeball  in  very  nervous  and  hypersensitive  adults.  There 
are  no  conditions  of  the  eye  which  contra-indicate  the  administration  of  gen- 
eral anesthesia.  The  choice  of  anesthetic  and  the  manner  of  administration 
are  matters  of  preference  on  the  part  of  the  surgeon  and  anesthetist,  but  it 
mii;ht  be  said  that  ether  anesthesia  is  in  general  use  for  eye  patients.  In  some 

operations  it  is  inconvenient  for  the  surgeon  to  have  an  inhaler  over  the 
patient's  nose,  and  it  is  better  to  have  the  anesthetic  given  through  a  tube. 
Local  anesthesia  is  best  accomplished  by  the  use  of  cocain  hydrochlorate. 


ANESTIIKSIA    FOR    KYK    OPERATIONS 


19 


For  instillation  a  4  per  cent,  solution  is  satisfactory .  It  may  be  convince! 
with  adrenalin  1  :  1,000,  which  is  an  adjuvant  of  cocain,  and  a  valuable  li.-mo- 
static  in  eye  work.  For  anesthetizing  the  cornea,  2  or  :;  instillation-. 


FIG.  3. — DRESSING  HELD  IN  PLACE  BY  SILK 
ISINGLASS  PLASTER. 


FIG.  4. — EYE   PATCH   WITHOUT   DRESSING. 


per  cent,  cocain  2  minutes  apart  suffice.  For  the  deeper  structures  of  the  eye- 
ball, such  as  the  iris  and  muscles,  it  is  well  to  allow  15  minutes  and  to  instill 
4  per  cent,  cocain  every  3  minutes  during  this  period.  The  eyes  should  be 


FIG.  5. — MONOCULAR  DRESSING  AND  BANDAGE.         FIG.  6. — BINOCULAR  DRESSING  AND  BANDAGE. 

kept  closed  during  this  process,  and  the  patient  should  not  be  allowed  to  rub 
his  eyes,  or  the  epithelium  of  the  cornea  may  be  loosened  and  abraded.  Holo- 
cain  1  or  2  per  cent.,  or  alypin  3  to  5  per  cent,  may  be  used  for  local  anesthesia, 
and  both  have  an  advantage  under  certain  circumstances,  in  that  they  do  not 
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dilate  the  pupil;  but  their  anesthetic  effect  is  not  as  certain  as  that  of  cocain. 
For  injection  in  the  tissues  of  the  lids  or.  under  the  conjunctiva,  a  solution 
made  up  of  4  per  eent.  cocain  1  part,  1:1,000  adrenalin  1  part,  and  sterile 
water  or  normal  salt  solution  2  parts  is  satisfactory.  Novocam  1  per  cent,  is 
used  for  injection  by  some  operators.  It  has  the  advantage  of  being  less  1 
than  cocain. 

OPERATIONS  ON  THE  EYEBALL 

, 

SUBOICAL  ANATOMY   OF   THE   EYEBALL 

Thr  rvoball  is  an  imperfect  sphere.     Its  shape  has  caused  it  to  J^e  likened 

to  a  globe  and  it  is  generally  referred  to  by  ophthalmologists  as  "the -globe." 

vim:  out  the  comparison,  it  is  said  to  have  an  anterior  pole  in  the  center 

of  the  cornea  and  a  posterior  pole  at  a  point  diametrically  opposite.     The 


Postero-aqueous  Chamber 

Antero-aqueous  Chamber 
Cornea 

Lens 

Iris ^>     i       /  HM  Optic  Nerve 

Ligament  of  Lens XSJUJy  rifff Retina 

Ciliary  Body >BH  /JL-L Choroid 

Vitreous  Chamber J^L /£- Sclera 


Fio.  7. — CROSS-SECTION  OF  EYEBALL. 

meridians  pass  through  these  imaginary  poles,  and  the  equator  encircles  the 
eyeball  midway  between  the  anterior  and  posterior  poles.  The  diameter  of 
the  eyeball  is  nearly  an  inch.  To  be  more  exact,  the  anteroposterior  diameter 
usually  is  24  mm.  and  the  other  diameters  are  about  23  mm.  The  reason  for 
the  greater  anteroposterior  measurement  is  found  in  the  fact  that  the  cornea 
has  a  greater  curvature  than  the  rest  of  the  eyeball.  The  eyeball  has  three  prin- 
••ij>:il  coats;  the  outer  is  tough  and  protective;  the  middle  is  essentially  vascular; 
and  the  inner  is  the  nervous  or  perceptive  layer. 

Outer  Layer  of  the  Eyeball. — The  outer  coat  is  fibrous  and  is  made  up  of 
the  cornea  and  sclera. 

'1  li«»  cornea  is  the  clear,  transparent  tissue  which  forms  the  anterior  1/6 
«»f  the  globe.  It  is  about  1  mm.  in  thickness  near  its  margin  and  somewhat 
thinner  toward  the  center.  At  the  border  it  is  slightly  overlapped  by  the  sclera, 
and  for  this  reason  it  is  said  to  be  set  in  the  sclera  as  a  "watch  crystal  in  a 
watch."  TKe  diameter  of  the  cornea  is  slightly  less  than  %  in.  (diameter 
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vertically  11  nun.,  and  horizontally  1-  nun.  i.  There  are  5  layers  in  the  cor- 
nea: (1)  the  external  epithelial  layer,  (-2)  the  anterior  elastie  membrane  (Bow- 
man's membrane),  (3)  the  substance  proper  of  the  cornea,  (4)  the  posterior 
elastie  membrane  (  I  Jeseemet ,'s  meinhraiie  ),  and  (51  the  endothelial  lining. 
The  epithelial  layer  on  the  surf'aee  of  tlie  cornea  is  very  easily  detached  from 
Bowman's  membrane  so  that  denudation  from  injury  is  rather  a  common  oc- 
currence. Fortunately  no  scar  results  from  injury  tn  the  epithelial  layer, 
but  any  injury  or  ulcerative  process  which  penetrates  deeper  than  this  layer 
leaves  scar  tissue.  Opacification  attends  the  formation  of  scar  tissue  in  the 
cornea,  and  opacities  in  the  pupillary  area  result  in  permanent  impairment 
of  vision.  There  are  no  blood  vessels  in  the  cornea  but  nutriment  is  provided 
by  a  free  lymphatic  circulation  in  the  substance  proper. 

The  sclera,  or  sclerotic,  is  the  tough,  white  posterior  5/6  of  the  outer  coat 
of  the  eyeball.  It  is  perforated  a  little  to  the  nasal  side  of  the  posterior  pole, 
where  the  optic  nerve  joins  the  globe  and  the  nerve  fibers  pass  into  the  retina. 
It  is  at  this  point  that  the  eyeball  is  weakest,  and  it  is  here  that  the  wall  gives 
way  in  case  of  increased  intra-ocular  tension,  and  the  glaucomatous  "cup"  is 
formed.  The  junction  of  the  cornea  and  the  sclera  is  called  the  limbus.  It 
should  be  kept  clearly  in  mind  that  the  cornea  fits  into  the  sclera,  as  it  were, 
so  that  the  sclera  overlaps.  This  anatomical  fact  is  of  importance  in  making 
incisions  into  the  anterior  chamber.  The  angle  between  the  cornea  and  iris  is 
reached  by  entering  slightly  behind  the  superficial  line  of  junction  of  cornea 
and  sclera.  The  4  recti  muscles  are  attached  to  the  sclera  5  to  8  mm.  behind 
the  limbus,  and  the  2  obliques  to  the  sclera  behind  the  equator. 

Middle  Layer  of  the  Eyeball. — This  is  made  up  of  the  choroid,  the  ciliary 
body,  and  the  iris. 

The  choroid  is  made  up  largely  of  blood  vessels,  capillaries,  and  pigment. 
From  a  surgical  point  of  view,  this  structure  is  not  of  importance,  except  for 
the  possibility  of  severe  intra-ocular  hemorrhage  from  a  large  choroidal  vessel. 
Occasionally,  after  sudden  reduction  of  tension  during  operation  for  cataract 
or  glaucoma,  a  hemorrhage  into  the  vitreous  chamber  occurs,  which  results  in 
loss  of  the  eye. 

The  ciliary  body  encircles  the  inner  surface  of  the  sclera  behind  the  corneo- 
scleral  junction.  It  is  to  this  structure  that  the  ligament  of  the  lens  is  at- 
tached, and  it  is  through  the  contraction  of  its  muscle  fibers  that  the  shape  of 
the  lens  is  changed  and  accommodation  is  regulated.  Surgically  the  ciliary 
body  is  important,  because  serious  injury  to  it  results  in  the  destruction  of  the 
eye  and  endangers  the  fellow  eye  through  the  liability  of  sympathetic  inflam- 
mation. It  is  for  this  reason  that  the  portion  of  the  eyeball  approximately 
from  2  mm.  to  8  mm.  behind  the  margin  of  the  cornea  is  called  the  "danger 


zone." 


The  iris  is  the  incomplete  curtain  which  lies  in  the  aqueous  chamber.  The 
opening  near  the  center  of  it  is  called  the  pupil,  and  the  inner  border  is  called 
the  pupillary  margin.  The  outer  border  is  attached  to  the  ciliary  body  and  is 
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rall.il  the-  ciliarv  margin.  The  pupillary  margin  rests  on  the  anterior  surface 
,,t  the  lent  and  lies  in  a  plane  further  forward  than  that  of  the  ciliary  margin. 
The  iril  has  a  rich  blood  supply  and  sometimes  bleeds  freely  when  incised. 
One  of  the  most  common  eye  operations  is  the  removal  of  a  portion  of  the 
iria,  The  operation  is  called  iridectomy  and  the  resultant  opening  is  called 

a  coloboma. 

Inner  Layer  of  the  Eyeball.— The  retina  forms  the  innermost  coat  of  the 
eyeball.  Detachment  of  the  retina  sometimes  follows  operation  or  other 
tnuuiiatiMn.  Many  operations  have  been  suggested  for  the  cure  of  retinal  de- 
tachment, hut  all  have  resulted  in  failure. 

Thr  mnjnnrfini   is  a  mucous  membrane  which  covers  the  eyeball  from 

the  cornea  nearly  back  to  the  equator  and  is  reflected  to  the  posterior  surface 

..f  tin-  cydids,  thus  forming  the  upper  and  lower  conjunctival  culs  de  sac. 

<ule  is  a  layer  of  fascial  tissue  in  which  the  eyeball  moves.     It  lies 

in  contact  witli  the  sclera. 

The  />'.'i.s  is  a  clear  biconvex  body,  which  is  held  in  position  behind  the 
in-  by  the  attachment  of  its  suspensory  ligament  to  the  ciliary  body.  When 
the  ligament  is  torn  the  lens  is  said  to  be  dislocated.  The  posterior  surface  of 
the  lens  is  more  convex  than  the  anterior  surface.  The  lens  has  an  epithelial 
covering  called  its  capsule.  The  portion  on  the  anterior  surface  is  called  the 
anterior  capsule  and  that  on  the  posterior  surface  is  called  the  posterior  cap- 
gule.  \Yhen  a  person  is  about  25  years  of  age  the  lens  develops  a  hard  center 
called  the  nucleus.  This  becomes  larger  and  harder  as  the  years  of  age  in- 
crease. The  softer  portion  of  the  lens  between  nucleus  and  capsule  is  called 
the  cortex.  Opacity  of  the  lens  or  any  portion  of  it  is  .termed  cataract. 

The  ii^ueous  chamber  of  the  eye  is  in  front  of  the  lens.  As  its  name  im- 
plies, the  consistency  and  appearance  of  aqueous  are  like  those  of  water.  The 
'•hnnilii'r  is  in  front  of  the  iris,  and  varies  considerably  in  depth  in  dif- 
r  individuals,  Wh  normally  and  in  disease.  The  posterior  chamber  is  be- 
hind the  iris  and  contains  much  less  aqueous  than  the  anterior. 

The  rifreowi  chamber  is  behind  the  lens  and  within  the  retina.  It  is  filled 
with  a  transparent  substance,  about  the  consistency  of  the  white  of  an  egg, 
called  the  ritn-nus  or  vitreous  body.  This  is  surrounded  by  a  transparent 
hniiiML.ene,,u>  membrane  known  as  the  hyaloid  membrane.  It  is  due  to  the 
presence'  "f  this  very  thin  membrane  that  loss  of  vitreous  is  prevented  when 
the  ligament  «.f  the  lens  is  injured  in  such  operations  as  extraction  of  cataract 
and  iridectomy. 

OPERATIONS    ON    THE    CORNEA 

CORNEAL  ULCER 

ETkmttan    «»f   the  cornea   may  result   in   serious   impairment   of  vision 
.ii^,  sear  t'..nnati..n,  or  even  in  complete  loss  of  the  eye  through  panophthal- 
mitis.    (  nrneal  ulceration  always  should  be  regarded  seriously,  and  in  the  case 


i 
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of  virulent  infection  it  is  sometimes  wise  to  resort  to  the  cautery,  curet,  or 
knife. 

Cauterization. — The  eye  must  be  thoroughly  anesthetized.  The  surgeon 
may  employ  either  the  electrocautery  with  platinum  tij>,  nr  a  probe  of  platinum 
or  silver  heated  in  the  flame  of  an  alcohol  lamp.  The  electrocautery  is  more 
satisfactory,  as  the  degree  of  heat  can  be  controlled. 

A  speculum  should  be  used,  and  the  eye  held  with  fixation  forceps.  Any 
ulcer  which  carries  an  infection  of  su<-h  virulence  as  to  call  for  tin-  use  of  the 
actual  cautery  deserves  most  thorough  cauterization.  The  applications  should 
be  gently  made,  but  sufficient  in  number  to  cover  the  entire  margin  and  base 
of  the  ulcer.  There  is  no  pain  connected  with  cauterization,  provided  the  eye 
has  been  thoroughly  cocainized.  Bichlorid  vaselin  (1:5,000)  should  be  used 
in  abundance,  and  a  dressing  and  bandage  applied.  The  eye  should  be  kept 
anointed  under  a  dressing  for  several  days. 

Saemisch  Incision  of  Cornea. — In  certain  progressive  ulcers  of  the  cornea, 
with  considerable  exudate  in  the  anterior  chamber  (hypopv<»n),  the  cornea 
is  incised  after  the  method  of  Saemisch  to  drain  the  corneal  tissue  and  to  allow 
the  escape  and  drainage  of  the  exudate.  This  operation  is  performed  In- 
frequently than  formerly,  as  preference  is  given  to  the  less  radical  forms  of 
treatment.  Usually  the  procedure  cannot  be  done  under  local  anesthesia  with 
safety  to  the  lens,  as  it  is  accompanied  with  such  pain  that  the  patient  cannot 
be  relied  upon  to  control  the  pressure  from  spasm  of  his  eyelids.  Primary 
gas  or  ether  anesthesia  is  sufficient. 

A  speculum  is  introduced  and  the  eye  is  held  by  grasping  with  fixation 
forceps  the  conjunctiva  and  subconjunctival  tissues  a  little  to  the  nasal  side 
of  the  cornea.  A  cataract  knife  is  then  made  to  enter  the  cornea  a  little 
outside  the  temporal  margin  of  the  ulcerated  area  and  the  point  carried  across 
the  anterior  chamber  to  emerge  near  the  nasal  margin  of  the  ulcer  in  the 
clear  cornea.  Thus  an  incision  is  made  through  the  diseased  cornea,  and  the 
aqueous  and  exudate  are  allowed  to  escape  from  the  anterior  chamber.  After 
irrigation  of  the  wound  and  anterior  chamber  with  boric  acid  or  1 :5,000  bi- 
chlorid  solution,  bichlorid  vaselin,  dressing  and  bandage  are  applied.  Drain- 
age may  be  maintained  for  several  days  by  opening  the  corneal  wound  with  a 
fine  instrument  such  as  a  spatula.  The  patient  experiences  relief  from  pain 
through  the  lowering  of  intra-ocular  tension. 

After  the  Saemisch  incision  the  iris  becomes  incarcerated  in  the  wound, 
and  the  area  of  ulceration  becomes  a  dense  white  scar  (leukoma),  which  can 
be  tattooed  after  all  signs  of  irritation  have  passed  away. 

Tattooing  of  the  Cornea. — The  operation  of  tattooing  is  performed  almost 
exclusively  as  a  cosmetic  measure.  Following  extensive  ulceration  of  the  cor- 
nea, dense  scar  tissue  remains  and  offers  the  appearance  of  a  white  spot  in 
contrast  to  the  colored  iris  in  the  background.  The  disfigurement  is  especially 
conspicuous  if  it  rests  in  the  pupillary  area,  and  the  white  spot  is  contrasted 
with  the  black  pupil  of  the  fellow  eye.  Tattooing  will  change  the  white  area 
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into  a  black  one,  and  greatly  improve  the  appearance  of  the  eye  and  the  indi- 
vidual.    From  an  economic  standpoint,  this  change  may  be  an  important  one 

for  the  patient. 

INSTRUMENTS.— Speculum,    fixation    forceps,    spatula,    tattooing    needle. 
Several  different  models  of  needles  are  in  use.      The  operator  may  use  an 
A  instrument  with  a  row  of  fine  needles,  or  a  clump  of  needles.     I 

prefer  a  single,  firm,  grooved  needle  with  which  definitely  di- 
rected punctures  may  be  made. 

India  ink  is  commonly  used  to  produce  a  black  spot.     The 
i  ink  is  scraped  from  a  cake  and  baked  to  sterilize.     Then  it  is 

(UJ  thoroughly  broken  up  and  worked  into  a  thin  paste  by  rubbing 

with  sterile  water  in  a  sterilized  dish.     In  the  attempt  to  match 
Fio.  8.— TAT-      the  color  of  the  patient's  iris  in  scar  tissue  lying  outside  the 
T  o  o  i  N  o      pllpiiiary  area,  mixtures  of  colored  pigment  (sepia,  ultramarine, 


vermilion)  are  occasionally  used. 
OPERATION. — After  anesthetizing  the  cornea  with  cocain  solution,  the 
speculum  is  inserted  and  the  eye  is  irrigated  with  boric  acid  solution.  The 
eye  is  steadied  with  the  fixation  forceps,  and  with  a  spatula  a  little  of  the  ink 
paste  is  put  on  the  corneal  scar  and  worked  into  the  cicatricial  tissue  with 
gentle  strokes  of  the  tattooing  needle.  The  punctures  should  be  directed  di- 
agonally and  should  work  the  ink  well  into  the  tissues,  or  the  pigment  will  not 
remain.  If  the  cornea  is  thin,  care  must  be  taken  not  to  perforate  into  the 
aqueous  chamber.  Of  course  this  operation  should  not  be  performed  on  an 
inflamed  or  irritated  eye,  or  on  one  with  a  thin  and  bulging  cornea.  The 
procedure  may  be  repeated  as  many  times  as  necessary  to  produce  the  desired 
result,  providing  sufficient  time  elapses  for  the  eye  to  become  quiet  before  each 
repetition.  The  eye  should  be  kept  under  dressing  and  bandage  for  a  few 
days  after  tattooing. 

PARACENTESIS  OF  THE  COENEA 

When  it  is  advisable  to  reduce  the  tension  of  an  eye  temporarily,  para- 
centesis  with  escape  of  aqueous  may  be  employed.  Iritis  with  tension,  acute 
glaucoma,  traumatic  cataract  with  swelling  of  the  lens,  corneal  ulceration,  and 
secondary  glaucoma  are  such  conditions  as  may  call  for  puncturing  of  the 
mrwa.  The  permanent  reduction  of  tension  usually  cannot  be  secured  by 
this  operation  but  it  may  sometimes  be  performed  advantageously  to  assist 
luMlinir.  to  relieve  pain  or  to  put  an  eye  in  better  condition  for  further  operation. 

ANESTHESIA.  —Unless  the  eye  is  in  an  extremely  sensitive  condition,  para- 
centesis  may  be  performed  under  local  anesthesia. 

INSTRUMENTS.— Speculum,  fixation  forceps,   Graefe  knife  or  keratome. 

-Control  the  eye  by  fixation  of  the  conjunctiva  in  the  hori- 

I  meridian  near  the  cornea,  and  enter  the  anterior  chamber  with  a  Graefe 

knife  by  puncturing  the  cornea  near  its  margin  on  the  temporal  side.     Care 
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should  be  taken  not  to  allow  the  point  of  the  knife  to  pass  in  front  of  the  pupil- 
lary area,  as  the  lens  might  be  injured.  Rotate  the  handle  of  the  knife  slightly 
and  allow  the  aqueous  to  escape  slowly.  A  >udd«-n  gush  of  aqueous  might 
produce  an  intra-ocular  hemorrhage.  After  the  aqueous  chamber  is  emptied, 
withdraw  the  knife  and  apply  a  dress  in-  ;md  bandage,  which  should  be  kept 
on  for  a  day  or  two.  Instead  of  the  Graefe  knife,  a  keratome  may  be  used.  I  f 
it  is  the  preference  of  the  surgeon  to  use  a  keratome,  the  incision  in  the  cornea 
may  be  made  above  instead  of  at  the  side. 


OPERATIONS  ON  THE  CONJUNCTIVA 
SUBCONJUNCTIVAL    INJECTIONS 

Many  different  solutions  have  been  injected  under  the  conjunctiva  for 
anesthetic  and  therapeutic  purposes. 

More  complete  anesthesia  of  the  deeper  structures  of  the  eyeball,  particularly  the 
iris,  is  obtained  by  subconjunctival  injection  than  by  instillation.  A  solution  of  cocain 
4  per  cent,  and  adrenalin  1 : 1,000  equal  parts  is  satisfactory  for  anesthetic  purposes. 
For  their  therapeutic  effect,  solutions  of  sodium  chlorid,  bichlorid  of  mercury,  cyanid 
of  mercury,  dionin  and  other  drugs  have  been  injected  in  many  ocular  diseases,  such 
as  corneal  ulcer,  interstitial  keratitis,  iritis,  choroiditis  and  detachment  of  the  retina. 
There  is  considerable  difference  of  opinion  as  to  the  therapeutic  value  of  this  form 
of  treatment. 

The  technic  of  the  injection  is  simple.  First  anesthetize  the  conjunctiva  by 
the  instillation  of  cocain.  Then  introduce  a  speculum,  or  hold  the  lids  open  with  the 
fingers.  Pick  up  a  small  fold  of  the  conjunctiva  with  a  pair  of  fine  tissue  forceps  and 
pierce  it  close  to  the  forceps  with  the  hypodermic  needle,  injecting  a  few  drops  of  the 
solution.  The  important  cautions  are  not  to  pick  up  in  the  forceps  subconjunctival 
tissue,  and  not  to  get  into  the  adherent  tissues  near  the  cornea,  but  several  milli- 
meters away  from  it.  In  making  a  series  of  injections  it  is  well  not  to  make  them 
repeatedly  in  the  same  place,  but  to  vary  the  position. 


PTERYGIUM 

BPterygium  (wing)  is  a  triangular  fold  of  thickened  conjunctiva  which  is 
caused  by  exposure  to  the  wind,  sun,  and  dust.  It  is  more  common  on  the 
nasal  side  of  the  cornea  than  on  the  temporal  side,  but  may  appear  on  both  sides. 
The  apex  is  referred  to  as  the  head;  a  small  adjacent  portion  is  called  the 
neck ;  and  the  wing-like  expansion  is  termed  the  body.  As  growth  takes  place, 
the  head  advances  from  the  corneal  margin  toward  the  center  of  the  cornea, 
causing  a  cosmetic  disfigurement  and  endangering  the  sight. 

The  cure  lies  in  excision  or  transplantation,  and  the  operation  of  McRey- 
nolds  gives  the  most  satisfactory  results.  Very  few  recurrences  follow  the 
proper  performance  of  this  procedure.  In  the  Ophthalmoscope  of  March,  1914, 
McReynolds  described  the  operation  as  follows; 
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"(1)  Grasp  completely  the  neck  of  the  pterygium  with  strong  but  narrow  fixation 
forceps.  (2)  Pass  a  Graefe  knife  through  the  constriction  and  as  close  to  the  globe 
as  possible,  and  then,  with  the  cutting  edge  turned  toward  the  cornea,  shave  off  every 
part  id.  ,,f  the  growth  smoothly  from  the  cornea.  (3)  With  the  fixation  forceps  still 


Fio.  9. — PTERTOIUM  OF  RIGHT  EYE. 


FIG.  10. — MCREYNOLD'S  TRANSPLANTATION  OPERATION 
FOR  PTERYGIUM.     Undermining  conjunctiva. 


hold  the  pterygium,  and  with  slender  straight  scissors  divide  the  conjunctiva  and  sub- 
conjunctival  tissue  along  the  lower  margin  of  the  pterygium,  commencing  at  its  neck 
and  extending  toward  the  canthus  a  distance  of  one-fourth  to  one-half  of  an  inch. 
(4)  Still  hold  the  pterygium  with  the  forceps  and  separate  the  body  of  the  growth 


'•      TRANSPLANTATION  OF  PTERYGIUM,  SHOWING 
PomnoN  or  BURYING  SUTURE  BEFORE  TYING. 


FIG.    12. — TRANSPLANTATION    OF    PTERY- 
GIUM.      OPERATION    COMPLETED. 


from  the  sclera  with  any  small  non-cutting  instrument.     (5)  Now  separate  well  from 

era  the  conjunctiva  lying  below  the  oblique  incision  made  with  the  scissors. 

k  thread  armed  at  each  end  with  small  curved  needles  and  carry  both 

through  the  apex  of  the  pterygium  from  within  outward  and  separated 
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from  each  oilier  by  a  sufficient,  amount  of  the  growth  t«>  -coin-  a  firm  hold.  (7)  Then 
carry  lhc>«-  needles  downward  hem-ath  tin-  !....-•  n.  d  conjunctiva  lyiny  In-low  tin-  oblique 
incision  made  by  tin-  scissors.  The  needle-,  after  pa--in^  in  parallel  directions  be- 
neath the  loosened  lower  segment  of  the  conjunctiva  until  they  n-a< -h  tin  region  of 
the  lower  fornix,  should  then  emerge  from  beneath  the  conjunctiva  at  a  distan 
about  one-eighth  of  an  inch  from  each  other.  (8)  Now,  with  the  forceps  lift  up  the 
loo>eiied  l.,\ver  segment  of  the  conjunctiva  and  gently  exert  traction  upon  the  free  ends 
of  the  threads  which  have  emerged  from  below,  and  the  pterytfium  will  slide  beneath 
the  loosened  lower  segment  of  the  conjunctiva,  and  the  threads  may  then  be  tightened 
and  the  surplus  portions  of  the  thread  cut  off,  leaving  enough  to  facilitate  the  re- 
moval of  the  threads  after  proper  union  has  occurred. 

"It  is  very  important  that  no  incision  should  be  made  along  the  upper  border  of 
the  pterygium,  because  it  would  gape  and  leave  a  denuded  space  when  downward  trac- 
tion is  made  upon  the  pterygium.  On  the  contrary,  the  elasticity  of  the  conjunctiva 
is  such  that  when  this  downward  traction  is  exerted  upon  the  head  of  the  pterygium 
the  conjunctiva  becomes  thinned  out,  and  smoothly  applied  to  the  sclera  correspond- 
ing to  the  former  site  of  the  body  of  the  growth,  and  the  margin  of  the  conjunctiva 
coincides  accurately  with  the  sclerocorneal  junction.  Thus,  when  the  operation  is 
completed  and  the  speculum  removed,  no  stitch  is  seen,  because  it  is  hidden  by  the 
lower  lid;  the  only  denuded  area  is  on  the  cornea.  The  former  site  of  the  body  of 
the  pterygium  is  covered  by  a  thin  and  comparatively  non-vascular  conjunctiva,  and 
what  blood  vessels  remain  are  directed  downward  and  not  horizontally,  and  hence  do 
not  tend  to  encroach  again  upon  the  cornea.  In  fact,  the  whole  vascular  activity  is 
concentrated  beneath  the  lower  lid,  where  it  is  not  only  removed  from  view,  but  pro- 
tected from  the  irritating  influences  of  dust  and  exposure,  and  the  process  of  atrophy 
naturally  and  surely  follows.  In  the  meantime,  the  corneal  wound  heals  quickly  and 
the  thin  conjunctival  tissue  becomes  closely  adherent  to  the  sclera  in  the  palpebral 
opening.  After  a  few  days  the  single  stitch  can  be  removed,  and  the  old  pterygium 
will  be  found  firmly  adherent  to  the  sclera  and  hidden  beneath  the  loosened  lower  seg- 
ment of  the  conjunctiva. 

"If  the  head  of  the  growth  is  very  large,  so  that  it  covers  something  like  a  third 
of  the  cornea,  and  if  the  body  is  also  very  thick  and  fleshy,  it  may  be  best  to  dissect 
away  the  head  from  the  cornea  with  a  sharp  knife,  and  then  remove  with  scissors  a 
part  of  the  head  and  a  part  of  the  subconjunctival  portion  of  the  body  of  the  growth, 
and  then  deal  with  the  rest  of  the  pterygium,  according  to  the  method  already  de- 
scribed. 

"Practically,  the  only  discomfort  to  be  apprehended  will  be  in  the  first  few  hours 
succeeding  the  operation,  and  this  can  be  effectually  relieved  by  cold  applications  and 
the  occasional  instillation  of  a  weak  anesthetic  solution.  A  light  bandage  should  be 
worn  for  a  few  days  and  the  patient  is  instructed  to  avoid  as  far  as  possible  those  con- 
ditions which  have  a  tendency  to  favor  the  development  primarily  of  this  affection. 

"The  conjunctiva  remains  red  for  a  few  weeks  after  the  operation,  but  the  red- 
ness gradually  disappears,  and  a  small  scar  on  the  cornea  marking  the  position  of  the 
head  of  the  pterygium  is  all  that  ultimately  remains  as  the  result  of  the  growth." 

OPERATIONS    ON    THE    IBIS 

IRIDECTOMY 

Except  in  cases  of  optical  iridectomy  and  in  iridectomy  for  liberation  of 
the  iris  from  wounds,  the  operation  is  performed  in  the  upper  part  of  the  iris, 
so  as  to  have  the  resulting  coloboma  covered  by  the  upper  lid. 


OPERATIONS    ON   THE   EYE    AND   ITS    APPENDAGES 


INSTRUMENTS.— Speculum,  fixation  forceps,  keratome,   iris  forceps,  iris 

scissors,  and  spatula. 

ANESTHESIA. — Except  in  cases  of  acute  glau- 
coma, unless  the  eye  is  in  a  tender  condition,  local 
cocain  anesthesia  suffices.  Five  instillations  of  a 
solution  of  4  per  cent,  cocain  hydrochlorate  3 
minutes  apart  will  give  almost  complete  anesthesia 
of  the  iris. 

OPERATION. — After  introducing  the  speculum, 
take  the  fixation  forceps  in  the  left  hand  and  the 
keratome  in  the  right  and  fix  the  eyeball  in  the 
median  line  about  1  mm.  below  the  cornea,  grasp- 
ing the  conjunctival  and  subconjunctival  tissues. 
The  patient  should  look  well  down  toward  his  feet, 
assisted  by  the  fixation  forceps. 
SIGN. — Pierce  the  conjunctiva  and  sclera  with  the  point  of  the  kera- 
tome about  1  mm.  from  the  corneoscleral  junction  and  enter  the  aqueous  cham- 
ber through  the  iris  angle.    As  soon  as  the  point  of  the  instrument  can  be  seen 


FIG.  13.— KERATOMES,  3  SIZES. 


Pio.    14. — FIXATION   FORCEPS 
roa  HOLDING  EYEBALL. 


Fio.     15.  —  IRIS 
FORCEPS. 


FIG.  16.— IRIS  SCISSORS. 
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in  the  anterior  chamber,  direct  it  toward  the  center  of  the  cornea  and  carry  it 
in  until  the  incision  is  the  desired  length.  If  the  point  of  the  keratome  should 
catch  in  the  iris  and  should  be  carried  forward,  tin-  iris  would  be  torn  from 
the  ciliary  body.  To  avoid  this,  withdraw  the  keratome,  nittini:  laterally  with 
cither  edge  of  the  instrument  as  it  is  brought  out  of  the  anterior  chain UT.  1 1 
the  wound  is  still  too  small  it  may  !><•  enlarged  with  a  pair  of  small  curved 
scissors.  As  the  keratome  is  withdrawn  sometimes  the  iris  prolapses  through 
the  wound,  rushing  out  with  the  aqueous. 

IRIDECTOMY. — The  assistant  hands  the  operator  the  iris  forceps  and  scis- 
sors and  takes  the  fixation  forceps  to  con- 
trol the  position  of  the  eye  while  the  opera- 
tor is  performing  the  iridectomy.  (lra-|> 
the  iris  with  the  points  of  the  iris  forceps 
about  1  mm.  from  the  pupillary  margin. 
Hold  the  blades  of  the  scissors  in  contact 
with  the  globe,  straddling  the  iris  forceps. 
Pull  the  iris  out  until  the  pigment  at  the 
pupillary  margin  can  be  seen.  Make  trac- 
tion on  the  iris,  cutting  it  off  quickly  while 
pressing  gently  on  the  globe  with  the  blades 
of  the  scissors.  If  the  scissors  are  not  in 
contact  with  the  globe  when  the  cut  is  made, 
the  iridectomy  will  fail  to  extend  to  the 
ciliary  margin  of  the  iris. 

ADJUSTMENT  OF  THE  IRIS. — Enter  the 
point  of  the  spatula   in  the  wound  in   a 

downward  and  inward  direction  at  the  nasal  end  of  the  wound,  and  down- 
ward and  outward  for  the  temporal  end  of  the  wound  and  see  that  the  iris  is 
perfectly  free.  Do  not  stroke  the  iris  within  the  anterior  chamber  for  fear  of 
injuring  the  lens.  Ordinarily,  after  iridectomy,  the  resiliency  of  the  iris 
tissue  carries  it  back  into  the  anterior  chamber  with  almost  no  manipulation. 
This  is  not  the  case  after  cataract  extraction.  Unless  there  is  glaucoma,  put 
a  drop  of  atropin  1  per  cent,  in  the  eye.  The  eye  should  be  kept  under  dressing 
and  bandage  for  about  one  week. 


Fia.    17. — KERATOME  INCISION  FOB  IRI- 
DECTOMY. 


OPERATIONS    ON   THE   LENS 
HIGH  MYOPIA 

In  properly  selected  cases,  removal  of  the  lens  in  high  myopia  gives  grati- 
fying results.  The  operation  shoiild  be  performed  only  on  eyes  with  myopia 
of  15  diopters  or  over,  and  with  reasonably  healthy  interiors.  Macular  lesions 
destroying  central  vision  contra-indicate  the  removal  of  the  lens.  The  opera- 
tion is  usually  performed  on  patients  under  40  years  of  age. 
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OPERATION.— First  a  thorough  needling  of  the  anterior  capsule  and  cortex 

should  IK?  performed  as  described  under  Needling  of  Anterior  Capsule  (page 

Swelling  and  opacification  of  the  lens  result  from  the  needling.     Acute 

glaucoma  with  severe  pain  is  anticipated  within  a  few  days  and  usually  the 

Us  .natter  must  be  removed,  preferably  by  linear  extraction  (page  31).     This 

...d  step  is  deferred  as  long  as  possible  so  as  to  allow  the  cortex  of  the  lens 

,,-ome  eataractous.     With  the  eye  in  a  condition  of  acute  glaucoma,  ex- 

tioE  under  local  anesthesia  may  be  very  painful,  so  it  is  usually  wise  to 

iulmiiiiMiT  a  general  anesthetic.     After  the  extraction  a  little  soft  lens  matter 

always  remains.     When  this  has  been  absorbed  a  discission  of  the  secondary 

memhrane  should  be  performed,  providing  the  secondary  membrane  materially 

interten-  with  the  vision.     Then  the  patient  must  be  equipped  with  glasses 

for  distant  and  near  sight. 

CATAEACT 

ii'iK-f  is  opacity  of  the  lens  or  its  capsule  or  both.  Soft  cataract  occurs 
in  the  young  before  the  nucleus  of  the  lens  is  formed,  or  while  it  is  small. 
llnnl  «tlaract  occurs  in  elderly  people  after  the  nucleus  is  well  formed.  Con- 
'<il  nilnract  occurs  in  the  new-born,  and  often  is  incomplete  and  usually 
non-progressive.  Senile  cataract  is  found  in  elderly  people,  as  its  name  implies, 
and  is  progressive.  Traumatic  cataract  results  from  injury,  and  often  is  asso- 

•••1  with  wounds  of  the  cornea  and  iris.  It  is  more  common  in  the  young 
than  in  the  old.  Secondary  cataract  is  the  membrane  which  remains  after 
removal  of  the  lens.  For  the  purposes  of  the  surgeon  most  operative  cataracts 
can  be  classed  as  soft,  hard  or  secondary. 

Soft  Cataract. — This  condition  is  dealt  with  by  needling  of  the  anterior 
capsule,  by  linear  extraction,  or  both,  followed  by  discission  of  the  secondary 
cataract  if  necessary.  Following  needling  of  the  anterior  capsule  partial  or 
complete  absorption  of  the  cortex  of  the  lens  occurs  in  the  aqueous.  The  opera- 
tion may  be  repeated  as  many  times  as  necessary  for  complete  absorption,  or 
linear  extraction  of  the  cortex  may  be  performed.  Absorption  of  the  lens  is  a 
sln\v  process,  and  removal  by  linear  extraction  should  be  performed  when  the 
element  of  time  figures  prominently,  and  in  eyes  which  develop  acute  glaucoma 
fallowing  needling. 

NEEDLING   OF   THE   ANTEBIOR   CAPSULE.— INSTRUMENTS.  —  Speculum, 
fixation  forceps,  small  needle  knife. 

i  in  BIA. — Local  anesthesia  is  sufficient  in  all  cases  except  babies. 

OPERATION. — The  pupil  should  be  under  full  atropin  dilatation.  Intro- 
•  lu.-e  the  speculum  and  illuminate  the  eye  with  condensed  artificial  light.  Fix 
the  evehall  near  the  linibns  at  a  point  opposite  the  place  of  entry  of  the  knife 
nr..,llr.  I'm-  riirht-handed  operators,  the  most  convenient  point  for  entering  the 
!M-.-.lli.  is  in  the  upper  temporal  quadrant  of  the  cornea  in  the  right  eye  and 
the  upjirr  nasal  quadrant  in  the  left  eye,  a  millimeter  or  two  from  the  limbus. 
Some  operators  prefer  to  enter  through  the  conjunctiva  near  the  corneal  mar- 
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gin,  but  one  cannot  work  to  as  good  mechanical  advantage  from  this  point  of 
entry.      With   the   knife   needle,    pimrtim-    tin-   ant.-rinr  caj^ule  and   can 
incision  into  the  lens  cortex  and  across  the  anterior  capsule,  takii;  >t  to 

puncture  the  posterior  capsule,  and  so  go  in  the  vitre..ii*.  A  n-eond  or  third 
incision  may  be  made  at  the  discretion  of  the  operator.  Withdraw  the  knife 
quickly  with  its  cutting  edge  in  the  same  direction  u  in  enterini:  tlie  cornea. 
As  the  knife  is  withdrawn,  usually  the  aqueous  is  lo>t.  through  the  wound. 
Apply  dressing  and  bandage  to  the  operated  eye  only.  In  hahies  a  starched 
bandage  should  be  used.  The  dressing  may  he  left  off  in  -2  or  :;  days,  but  the 
eye  should  be  kept  under  atropin  until  the  lens  matter  i>  ah-.rhed. 

LINEAR  EXTRACTION. — INSTRUMENTS. — Speculum,  fixation  forceps,  ker- 
atome,  cystotome,  spatula.  Normal  saline  irrigation. 

OPERATION. — The  pupil  must  be  dilated  ad  maximum.  Fix  the  eye  in 
the  median  line  about  1  mm.  below  the  cornea.  Have  the 
patient  look  gently  down  and  enter  the  angular  keratome  in 
the  upper  part  of  the  cornea  about  3  mm.  from  the  limbus, 
carrying  the  point  of  the  keratome  through  the  anterior  cap- 
sule and  into  the  cortex  of  the  lens,  taking  care  not  to  allow 
the  point  of  the  instrument  to  go  through  into  the  vitreous. 
After  withdrawing  the  keratome,  enter  the  cystotome  through 
the  corneal  wound  and  make  several  cuts  in  the  anterior  cap- 
sule of  the  lens,  at  the  same  time  stirring  up  the  anterior 
cortex.  Then  irrigate  until  the  soft  lens  matter  ceases  to  '  NEEDLE. 

come  out  through  the  wound.  If  considerable  lens  matter 
remains,  use  the  spatula  and  stroke  the  lens  substance  carefully  into  the  pupil- 
lary area,  and  irrigate  again.  The  use  of  the  spatula  and  irrigation  may  ho 
repeated  until  all  of  the  lens  matter  is  out  or  until  the  remaining  lens  matter 
refuses  to  move.  Instil  atropin  1  per  cent.  Dressing  and  bandage  should  be 
worn  for  a  few  days.  The  patient  may  sit  up  the  day  after  operation.  If  a 
little  lens  matter  remains  following  the  operation,  the  eye  is  kept  under  the 
influence  of  atropin  until  it  is  absorbed.  If  the  posterior  capsule  interferes 
materially  with  the  vision,  this  may  be  incised  after  all  the  lens  cortex  has  been 
absorbed  and  the  eye  is  perfectly  quiet. 

Extraction  of  Hard  Cataract. — Hard  cataracts  develop  in  elderly  persons, 
and  for  this  reason  are  called  senile  cataracts.  In  extraction,  the  operator 
attempts  to  deliver  the  nucleus  and  cortex  of  the  opaque  lens  without  injuring 
its  posterior  capsule,  and  without  disturbance  or  loss  of  vitreous.  (An  exception 
to  this  is  found  in  the  delivery  of  the  lens  in  its  capsule  as  practiced  by  a  few 
eye  surgeons.)  Senile  cataract  may  be  extracted  without  iridectomy,  in  which 
case  the  operation  is  referred  to  as  "simple  extraction";  or  a  portion  of  the  iris 
may  be  removed  and  the  operation  is  called  "extraction  with  iridectomy"  or 
"combined  extraction"  In  immature  cataract  and  complicated  cataract,  and 
cataract  in  a  patient's  only  eye,  and  in  certain  other  selected  cases,  iridectomy 
is  performed  2  weeks  or  more  previous  to  removal  of  the  lens.  The  first  opera- 


Fio.  19.— TEST    DRUM,    HARD  RUBBER,   WITH  FINE  KID,  FOR 
TESTING  THE  POINTS  OF  INSTRUMENTS. 
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turn  is  referred  to  as  "preliminary  iridectomy,"  and  the  second  as  "extraction 
after  iridectomy."  Some  ophthalmic  surgeons  perform  prehnnnary  mdectomy 
as  a  routine  in  hard  cataract. 

Simple  extraction  offers  the  advantage  of  better  cosmetic  effect    han  ex- 

traction  with  iridectomy, 
and  the  important  disad- 
vantage of  increased  liabil- 
ity of  prolapse  of  the  iris 
after  the  operation.  Ex- 
traction with  iridectomy 
or  after  iridectomy  is  per- 
formed much  more  fre- 
quently than  the  simple 
operation  because  of  the 
•ecnritj  which  the  surgeon  has  that  the  iris  will  not  prolapse  into  the  wound 
after  operation,  and  because  of  the  comparative  ease  of  delivering  the  lens 
through  the  opening  accomplished  by  iri- 
dectomy. Preliminary  iridectomy  renders 
extraction  of  the  lens  easier  and  safer. 

EXTEACTION  WITH  IEIDECTOMY.— 
INSTRUMENTS. — Speculum,  fixation  for- 
ceps, cataract  knife,  iris  forceps,  iris  scis- 
sors, cystotome,  capsule  forceps,  lens 
spoon,  spatula,  irrigator,  normal  salt  solu- 
tion. 

ANESTHESIA. — Anesthesia  may  be  se- 
cured by  5  or  6  instillations  of  cocain  4 
per   cent.    3    minutes    apart.      Adrenalin 
1 : 1,000  may  be  put  in  the  eye  with  the 
last  two  cocain  instillations  to  enhance  the 
anesthetic  action  of  the  cocain  and  to  control  the  hemorrhage. 
If  a  patient  is  unable  to  relax  his  eyelids,  general  anesthesia 
should  be  given. 

OPERATION. — If  the  eyelashes  are  long  and  liable  to  be 
in  the  way  of  the  knife,  they  may  be  cut  close  with  the  scis- 
sors near  the  outer  canthus. 

After  irrigation  with  boric  acid  solution,  introduce  the 
speculum,  and  irrigate  again.     Grasp  the  conjunctiva  and 
episcleral  tissue  in  the  vertical  meridian  just  below  the  cor- 
nea, or  to  the  nasal  side  either  near  the  cornea  or  at  the 
rtion  of  the  internal  rectus  so  as  to  include  the  tendon.     Most  surgeons 
pn-fer  to  fix  below   the   cornea.      The  section    (Fig.    26)    should   be   made 
through  the  upper  2/5  of  the  corneoscleral  junction,  and  a  small  conjunctival 
flap  should  be  made.    If  the  operator  stands  at  the  head  of  the  table,  the  knife 


FIG.  20. — CATARACT 
KNIFE. 


Fio.  21. — IRIS  FOB- 
CATA- 
RACT EXTRACTION. 
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IB  held  in  the  right  hand  for  the  right  eye,  or  in  the  left  hand  for  the  left 
With  the  eye  directed  well  downward  the  incision  should  be  made  with  free 
sliding  motions.     T<>  make  a  perfect  section  for  cataract  ex- 
traction,  without   injuring  the    iris,   requires  training   ;m<l 
skill.     After  completing  this  incision  re- 
move  the   fixation    forceps,    and    lay    tin- 
small  conjunctiva!  flap  hack  on  the  cornea. 
Some  surgeons  remove  the  speculum  at 
this  point  in  the  operation. 

If  iridectomy  is  to  be  performed, 
grasp  the  upper  part  of  the  iris  near  the 
pupillary  margin  with  the  iris  forceps  and 
lift  it  through  the  wound.  When  the 
pupillary  margin  presents,  straddle  the 
fold  of  iris  with  the  scissors,  and  with 
both  blades  in  contact  with  the  globe  cut 
it  off. 

Xow   with   the  cystotome   or   capsule 

forceps,  or  both,  make  a  free  opening  in  the  anterior  capsule,  taking  care  not 
to  catch  the  iris  with  the  instrument  and  not  to  injure  the  ligament  of  the  lens. 
If  the  speculum  has  not  already  been  removed,  it  is  well  to  take  it  out  at  this 
time. 

To  accomplish  delivery  of  the  lens,  let  the  patient  look  gently  downward,  while 
the  upper  lid  is  supported  with  a  lid  retractor  or  with  the  finger,  and  with  the  edges 
of  the  spoon  make  gentle  pressure  toward  the  center  of  the  globe  in  the  lower  part  «.f 


FIG.    23. —  LENS 
SPOON. 


Fio.  22. — C  T  a  T  o  - 
TOME  FOR  INCIT- 
ING ANTERIOR 
CAPSULE  OF  LENS. 


FIG.  24. — IRIS  SPATULA  AND  PROBE  COMBINED. 


the  cornea.  This  tilts  the  lens  and  makes  it  present  in  the  wound.  When  the  lens 
starts  to  come  out,  the  pressure  toward  the  center  of  the  eyeball  should  be  released  and 
the  lower  margin  of  the  lens  should  be  carefully  followed  up  by  very  gentle  pressure  on 
the  cornea. 


FIG.  25. — ANTERIOR  CHAM- 
BER IRRIGATOR. 
4  B 


FIG.  26. — CATARACT  EXTRACTION,  LEFT  EYE.      MAKING  THE 
SECTION.     Puncture  and  counterpuncture  have  been  made. 
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Flo.  27. — BINOCULAR  DRESSING  AND  BANDAGE 
WITH  RING  CATARACT  MASK. 


For        w 

wat,r  may  be  used     A  D  ^  and  ^  t- 

is  best.     The  stream  should  ^elrrTgator  should  not  be  introduced 

beyond  the  lips  of  the  wound.  When  all 
bits  of  lens  cortex  have  been  washed  out 
irrigation  should  cease. 

Replacement  of  the  iris  is  accom- 
plished by  carefully  directed  strokes  of 
the  spatula.  It  is  essential  for  prompt 
healing  after  operation  that  the  flaps  of 
iris  be  left  entirely  free  from  the  wound ; 
otherwise  iridocyclitis  is  apt  to  result. 

After  laying  the  conjunctival  flap  in, 
position,  a  drop  of  1  per  cent,  atropin 
sulphate  solution  is  instilled  unless  the 
operation  has  been  a  simple  extraction, 
in  which  case  the  pupil  should  not  be 
dilated  until  the  wound  is  closed.  This 
usually  would  be  at  the  first  dressing. 
The  eyes  should  be  gently  closed  and  kept  closed.  Both  eyes  should  be  covered 
with  'dressings  and  bandage,  and  a  good  protective  mask,  such  as  the  Ring 
mask,  should  be  put  on. 

Except  for  the  omission  of  iridec- 
toiny,  simple  extraction  and  extraction 
am-r  iridectomy  are  performed  in  the 
s;ii iic  way  as  extraction  with  iridec- 
tomy. 

The  after-treatment  must  vary  some- 
what in  different  patients.  If  the  patient 
is  comfortable,  the  first  dressing  may  be 
done  2  days  after  operation.  Daily 
change  of  dressings  after  the  second  day 
is  customary.  Unless  there  should  be  a 
rise  in  intra-ocular  tension,  a  t  r-o  p  i  n 
should  be  instilled  at  each  dressing  and 
as  long  afterward  as  particles  of  lens 
r  n -ma  in,  or  until  the  eye  is  per- 
v  t|iiii-t.  The  unoperated  eye  may 
be  uncovered  usually  3  or  4  days  after 

operation,  and  the  patient  may  sit  up.  At  the  end  of  a  week  all  dressing  may 
IM«  removed,  but  the  mask  should  remain  over  the  operated  eye  for  protection 
a  week  or  two  longer.  If  the  secondary  membrane  prevents  the  patient  from 
getting  good  vision,  this  should  be  incised  (page  35).  In  a  healthy  eye  cat- 


FIG.  28.- 


RING  CATARACT  MASK  WITHOUT 
DRESSING. 
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aract  extraction  should  yield  normal  or  nearly  normal  sight  with  the  proper 
glasses.  It  illicit  l>o  added  that  the  proper  extraction  nf  cataract  recjuire;- 
extraordinary  skill,  contrary  to  a  rather  general  belief  in  and  out  of  the 
medical  profession. 

EXTRACTION  IN  CAPSULE. — This  operation  is  commonly  known  as  the 
"Smith  operation."  It  has  been  done  extensively  in  India,  but  has  not  been 
generally  adopted  in  other  countries.  In  brief,  the  operation  consists  in  the 
removal  of  the  cataractous  lens  in  its  capsule  l.y  tearini:  it  from  its  attach- 
ment to  the  ciliary  body  through  delicate  and  dexterous  manipulation  with  an 
instrument  resembling  a  large  squint  hook.  Another  method  is  to  grasp  the 
anterior  capsule  with  a  special  forceps  and  remove  the  entire  lens  within  its 
capsule.  The  chief  advantages  of  extraction  in  capsule  are  that  no  second- 
ary membrane  is  left  and  that  immature  cataracts  can  be  extracted  as 
well  us  mature.  The  important  disadvantage  is  that  it  is  attended  with 
more  danger  to  the  eye  than  the  classical  extraction  of  the  lens  from  its 
capsule. 

Secondary  Cataract. — Following  every  case  of  cataract  extraction,  unless 
the  lens  has  been  removed  in  capsule,  a  secondary  cataract  remains.  That  is, 
if  the  extraction  has  been  successfully  performed  the  posterior  capsule  remains 
intact,  together  with  some  fragments  of  the  anterior  capsule,  and  in  some  cases 
a  little  soft  lens  matter  which  has  become  incarcerate' 1 
between  the  posterior  capsule  and  the  fragments  of  the 
anterior  capsule.  This  membrane  is  usually  referred 
to  as  a  secondary  cataract.  After  extraction  of  the  lens, 
such  cases  as  have  decided  impairment  of  the  visual  acuity 
on  account  of  the  secondary  cataract  should  have  a  discis- 
sion  of  this  membrane.  For  a  general  rule,  this  operation 
should  not  be  performed  on  a  patient  having  a  vision  of 
£0/40  with  the  proper  correcting  lens,  as  there  is,  of 
course,  a  possibility  of  carrying  infection  into  the  eye. 
Three  principal  operations  for  secondary  cataract  are  needling,  De  AYeeker's 
scissors  operation,  and  division  with  a  discission  knife.  Whatever  operation 
is  chosen,  the  pupil  should  be  fully  dilated  with  atropin  and  the  operation 
should  be  performed  under  condensed  artificial  light. 

NEEDLING. — Perhaps  the  best  of  the  operations  for  secondary  cataract 
performed  with  a  needle  knife  is  that  advocated  by  Ziegler  of  Philadel- 
phia. 

INSTRUMENTS. — Speculum,  fixation  forceps  and  Ziegler  knife-needle. 

OPERATION. — The  instrument  enters  the  cornea  near  the  limbus  above  and 
penetrates  the  posterior  capsule  behind  the  iris  at  two  points,  in  the  lower  tem- 
poral and  lower  nasal  quadrants.  Two  cuts  are  made  in  the  membrane  which 
meet  in  or  near  the  median  line.  These  incisions  should  be  accomplished  by  a 
sawing  motion  and  should  make  a  V-shaped  flap  in  the  posterior  capsule  (Fig. 
30).  Usually  the  flap  of  posterior  membrane  does  not  stay  in  the  pupillary 


ABC 
.50. — PLAN     or    INCISIONS    FOB    ZIEGLER'S 
M-KKATION  FOR  SECONDARY  CATARACT. 
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area.    If  it  does,  the  membrane  should  be  pushed  aside  into  the  vitreous  with 
the  |>«>int  of  the  instrument. 

DE  WECKEB  OPERATION. — INSTRUMENTS. — Speculum,     fixation     lorceps, 
ew  keratome,  DC  Wecker's  scissors  and  spatula. 

(  ,   ,  RATION. Fix  the  eye  in  the  median  line  just  below  the  cornea.     Have 

the  patient  look  gently  down.    Enter  the  keratome  in  the  cornea  about  2  mm. 

from  the  upper  limit.  If  an  iridec- 
tomy  has  been  performed,  as  is  usu- 
ally the  case,  carry  the  point  of  the 
instrument  through  the  secondary 
cataract  in  the  coloboma.  If  no  iri- 
dectomy  has  been  performed,  enter 
the  pupil  at  the  margin  above.  By 
tiltin.ir  the  handle  of  the  keratome  downward,  away  from  the  operator,  the 
wound  in  the  secondary  cataract  is  opened.  This  should  be  done  in  order  to 
allow  tln»  vitreous  to  come  into  the  aqueous  chamber.  This  manoeuver  prevents 
the  sudden  collapse  of  the  anterior  chamber  when  the  keratome  is  removed. 
Sudden  loss  of  the  anterior  chamber  is  to  be  avoided,  for  with  the  outrush  of 
the  aqueous  the  pupil  contracts  and  the  iris  lies  against  the 
cornea,  causing  difficulty  in  the  completion  of  the  operation. 
•  •liter  I  )e  Wecker's  scissors  (closed)  through  the  corneal 
wound,  and  allow  one  blade  to  pass  into  the  vitreous  chamber 
behind  the  posterior  capsule  and  the  other  blade  in  front  of 
the  capsule.  Make  2  cuts,  one  in  a  downward  and  outward 
dirertion,  and  the  other  in  a  downward  and  inward  direction. 
More  than  2  cuts  can  be  made  at  the  discretion  of  the  opera- 
t'>r.  A  small  amount  of  vitreous  is  lost  in  this  operation, 
and  it  may  be  wiped  away  from  the  corneal  wound  with  a 
sponge  or  cut  away  with  the  scissors.  By  running  the  spat- 
ula along  the  corneal  incision,  the  operator  assures  himself 
that  the  iris  is  free  from  capsule.  The  scissors  operation 
should  be  done  only  in  those  cases  in  which  there  is  an  un- 
usually heavy  membrane  to  cut,  or  in  cases  in  which  it  is 
1  f"  perform  an  iridotomy.  Dressing  and  bandage 
should  be  worn  for  a  few  days. 

DISCISSION.— A  single  incision  in  the  secondary  mem- 
brane is  sntiicient  in  almost  all  cases  of  secondary  cataract, 
providing  it  passes  through  the  pupillary  area  and  is  of  suffi- 
cient length.  The  incision  should  be  carried  across  nearly 
th»-  entire  width  of  the  secondary  cataract.  The  operation 
should  Iw  performed  either  with  a  very  narrow  Graefe  knife 

vith  the  author's  discission  knife.    The  blade  of  the  latter  instrument  (Fig. 

)  mm.  long  and  tapers  evenly  to  a  point. 
INSTBUMENTS.— Speculum,  fixation  forceps  and  discission  knife. 


FIG.  31.— DE  WECK- 
ER'S SCISSORS. 
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;  2. —WHEELER'S 
UIHCIHHIUN  KNIFE 
POR  SECONDARY 
CATARACT. 


F,0.33.-D,SC,9S.ONFOKSECONDABT 

CATARACT,  SHOWING  OPENING  IN  tulcrum. 


OPEBATION,  The  incision  in  the  secondary  cataract  should  cut  the  heavi- 
est bands  in  the  membrane  and  should  !><•  carried  into  th<-  coloboma  if  there 
is  one.  With  the  fixation  forceps  gra>j>  the  eyeball  below 
the  cornea  and  enter  the  corneal  tissue;  '2  mm.  t'rnm  the  lim- 
hus  above.  Pass  the  point  of  the  instrument  carefully  behind 
the  iris,  ready  to  enter  the  vitreous  chamber  through  the 

secondary  membrane. 
Sweep  the  point  of  the 
knife  into  the  vitreous  and 
cut  clear  across  the  mem- 
brane with  a  single  sliding 
motion.  In  sliding  the 
knife  in  and  out  of  the 
eye,  constant  gentle  pres- 
sure should  be  made  away 
from  the  cutting  edge  of 
the  knife  so  as  not  to  enlarge  the  corneal 

£  the  ™™&  should  be  USed  88  a 

The  handle  of  the  knife  is  carried 
through  a  complex  motion  in  which  it  is 
tilted  away  from  the  operator  while  it  is  entering  and  emerging  from  the  vitre- 
ous chamber  without  any  break.  By  this  technic,  a  clean  incision  is  made 
across  the  membrane  before  the  flap  has  had  time  to  relax. 
After  the  knife  is  withdrawn,  the  edges  of  the  cut  separate, 
and  in  almost  every  case  a  sufficiently  large  opening  results 
with  almost  no  traumatism  to  the  eye.  The  eye  should  be 
kept  under  a  dressing  for  2  days. 

GLAUCOMA 

In  a  normal  eye  the  tension  is  between  15  and  25  mm. 
of  mercury  as  measured  by  the  tonometer.  The  term  glau- 
coma indicates  an  increased  intra-ocular  tension.  Glaucoma 
may  be  acute  or  chronic.  It  may  be  primary,  or  secondary 
to  some  other  disease  of  the  eye  such  as  iritis  or  an  intra- 
ocular growth.  Uncontrolled  increased  intra-ocular  tension 
may  lead  to  atrophy  of  the  optic  nerve  and  blindness. 

Acute  Glaucoma.  —  Whenever  it  is  possible  this  condition 
is  controlled  by  the  use  of  myotics,  as  operation  endangers 
the  eye  through  the  possibility  of  an  intra-ocular  hemorrhage 
from  the  sudden  reduction  of  the  tension  or  injury  to  the 
lens  which  may  lead  to  formation  of  cataract  —  a  serious 
complication. 

It  is  quite  generally  agreed  that  iridectomy  is  the  operation  of  preference 


Fio.  34. — SCHIOTZ'S 
TONOMETER  FOR 
MEASURING  IN- 
TRA-OCULAR TEN- 
SION. 


Fio.   35. — STI.I-MKN- 
•ON'S  TREIMIINK. 
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for  tliis  condition  (page  27).  Whenever  it  is  possible,  general  anesthesia 
should  In-  administered,  as  any  operative  procedure  on  an  eye  suffering  from 
acute  irlaueoma  is  extremely  painful  under  local  anesthesia.  In  performing 
indect,.mv  tor  -laucoma,  the  surgeon  should  be  sure  to  include  the  ciliary  mar- 
gin of  the  iris  with  a  view  to  opening  up  the  filtration  angle. 
?  ?  9  Trephining  in  acute  glaucoma  is  advocated  by  Col.  E.  H. 

Klliott,  and  is  practiced  with  success  by  some  ophthalmic 

Burgeons. 

Chronic  Glaucoma. — Many  operations  have  been  proposed 
for  the  relief  of  this  condition,  but  most  of  them  have  been 
abandoned  because  they  have  not  given  consistently  good  re- 
sults. Iridectomy  (page  27)  and  trephining  as  proposed 
by  Klliott  in  1909  are  the  operations  usually  performed  for 
the  relief  of  this  condition. 

TREPHINING. — In  this  operation  a  large  thin  flap  of  con- 
junctiva is  dissected  up  from  the  underlying  tissues  and  the 
dissection  is  carried  to  the  margin  of  the  cornea  and  a  little 
beyond  if  possible.     With  a  trephine  of  about  l1/^  mm-  in 
diameter  a  fistulous  opening  is  made  into  the  anterior  cham- 
ber and  a  portion  of  the  iris  is  removed  so  that  it  will  not 
prolapse  into  the  wound  and  plug  the  opening.     By  this 
operation  an  attempt  is  made  to  establish  a  permanent  opening  between  the 
aqueous  chamber  and  the  subconjunctival  lymph  channels  through  which  the 
aqueous  drains  and  so  maintains  a  reduction  in  the  tension  to  normal. 

The  adoption  of  the  Elliott  operation  has  been  rapid  and  quite  general.  If 
properly  performed,  it  reduces 
to  normal  in  a  high  per- 
of  chronic  irlaucoma  cases. 
In  fact,  ex.-r^ivr  reduction  of  ten- 
Mon  sometimes  results.  Late  in- 
i-cen  reported  in  sev- 
«%i'al  A  number  of  years 

mnst  elapse   before   it   is  time  to 
pass  final  judgment  on  this  prom 
i-inir    a  u  <1    interesting    operative 
procedu: 

Glaucoma  from  Old  Iritis.— In 
certain  cases  of  iritis,  the  pupil- 
lary  mar- in   nf   the   iris  becomes 
adherent  to  the  anterior  surface  of 
tin-  I'-u,.  and  thus  the  passage  of  the  aqueous  from  the  posterior  chamber  to  the 
war  chamber  is  prevented.     The  iris  bulges  forward  and  a  glaucomatous 
k  iimy  nccur  from  the  interference  with  the  drainage.     Iridectomy  should 
be  performed  to  establish  free  communication  between  the  aqueous  chambers. 


FlO.    36. — CORNEOSCLERAL     TREPHINING     FOR     GLAU- 
COMA.    Incision  in  conjunctiva. 
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Absolute  Glaucoma.-     In  ne-le<-te<|  cases  sometime-  the  eye  I>ecome8  stony 
hard  and  the  sight    is  entirely  List  and  the  eye  is  a  constant   BOOroe  •  »}'  pain  to 


FIG.  37. — TREPHINING  FOR  GLAUCOMA.       Conjunctiva  held  to  expose  corneoscleral  junction.      Tre- 
phine in  position. 


the  patient.     This  condition,  referred  to  as  absolute  glaucoma,  calls  for  enuclea- 
tion  of  the  eyeball,  if  iridectomy  or  trephining  fails  to  give  relief. 


I 


FIG.  38. — TREPHINING  FOR  GLAUCOMA.     Operation  completed. 


At  the  time  of  operation  for  glaucoma  in  one  eye,  a  myotic  should  be  in- 
stilled in  the  other  eye  to  guard  against  an  acute  attack. 
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STRABISMUS 


upon 


the  Deviating  eye  usually  becomes  seriously  impaired. 

In  most  cases  the  problem  that  the  surgeon  has  to  solve 
in  dealing  with  squint  is  a  cosmetic  one.     A  more  or  ] 
blind  eve  which  turns  in  or  turns  out  is  presented  to  the 
siinreon  to  be  made  to  appear  straight.     This  means  that 
iiM.allv  strabismus  operations  are  performed  for  the  sake  < 
appearance  only.    To  accomplish  the  straightening  of  an  eye, 
the  surgeon  takes  advantage  of  the  possibility  of  weakening 
a    rectus    muscle    by    tenotomy,    or    of 
strengthening  an  opposing  muscle  by  ad- 
vancement of  its  insertion  or  by  the  resec- 
tion of  a  portion  of  it. 

There  are  many  different  methods  of 
accomplishing  muscle-shortening.     In  ad- 
vancement the  tendon  is  cut  and  the  in- 
sertion is  carried  forward  from  its  normal 
position  toward  the   cornea.      There   are 
many  variations  in  technic,  but  in  all  of 
the  advancement  procedures  the  aim  is  to 
increase  the  power  of  the  comparatively 
weak  muscle.     The  operation  easiest  and 
safest  to  perform  and  surest  in  effect  and 
Diving  the  best   cosmetic   results,    is   the 
Reese  resection.     This  operation   is  per- 
formed almost  to  the  exclusion  of  other 
muscle  shortening  operations  at  the  New 
Vnrk  Kyi«  ;m<l  Ear  Infirmary. 

Reese  Resection.  —  INSTRUMENTS.  —  The  instruments  used 

:  .ITU  hi  ii  i,  mouse-tooth  forceps,  straight  scissors,  curved 

n,   plain  forceps,  squint  hook,  Reese  muscle  forceps, 

ncrdlc  ImMor,  curved  needles,  double-armed  suture  of  No.  3 

braidod  silk  (  Knglish),  two  No.  5  twisted  silk  sutures. 

ANESTHESIA.—  Tt   is  better  to   perform  this   operation 
ninliT  lix-al  anesthesia  if  it  is  feasible,  as  it  is  impossible  for 
tin-  M|M>ratnr  to  judge  of  the  effect  produced  when  the  patient 
i-  iimlrr  general  anesthesia.     But  most  strabismus  cases  are  children,  and  a 
ial  anesthetic  may  be  given  if  necessary.     For  local  anesthesia,  cocain 
-h«>nl»l  t>e  instilled  every  3  minutes  during  a  period  of  15  minutes  and  adren- 
alin 2  or  3  times  during  the  3  minutes  just  previous  to  the  start  of  the  opera- 


.'.».  —  MOUBE- 

TOOTH  FORCEPS 
V..H  S<JUINT  OPER- 
ATION. 


FIG.     40.  —  REESE 
MUSCLE  FORCEPS. 
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linn.     Tin?  adrenalin  should  be  given  whether  tin-  <.j,crati<.n 
local  or  general  anesthesia. 

OPERATION. — Have  the  patient  look  intently  in  such  a  direction  as  will 


FIG.  41. — RESECTION  OF  INTERNAL  RECTUS  MUS- 
CLE OF  RIGHT  EYE  FOR  DIVERGENT  STRABIS- 
MUS. Primary  incision  of  conjunctiva. 


FIG. 


42. — RESECTION     OF-    INTERNAL     RECTUS. 
Muscle  held  on  hook  for  diaaection. 


expose  the  muscle  to  be  operated  upon.  Make  a  straight  vertical  incision  in 
the  conjunctiva  along  the  insertion  of  the  tendon  or  slightly  behind  the  inser- 
tion (Fig.  41).  The 
middle  of  this  incision  is 
6  to  8  mm.  from  the  cor- 
nea and  in  length  should 
be  equal  to  the  diameter 
of  the  cornea  or  a  little 
longer.  In  making  the 
incision  care  should  be 
taken  not  to  cut  through 
the  tendon  of  the  muscle 
about  to  be  resected. 

At  the  upper  and 
lower  ends  of  the  wound 
grasp  the  episcleral  tissue 
and  cut  it  through  to  the 
sclera  with  the  scissors. 
This  is  an  important  step 
in  the  operation.  Pass 
the  strabismus  hook 
through  one  of  the  open- 
ings just  made,  either 

above  or  below  the  tendon  and  take  the  muscle  on  the  hook.  The  assistant 
holds  the  muscle  taut  with  the  squint  hook  while  the  surgeon  carefully  dis- 
sects up  the  conjunctiva  freely  from  the  muscle,  and  trims  away  the  fascial 


FIG.  43.— RESECTION  OF  INTERNAL  RECTUS.     Sutures   have   been 
introduced  through  muscle  and  lateral  flap  of  conjunctiva. 
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tissues  from  the  upper  and  lower  margins  of  the  tendon.     One  blade  of  the 

Reese  muscle  forceps  is  then  passed  under  the  muscle  in  place  of  the  hook  and 

the  forceps  is  clamped  on  the  tendon  about  3  mm.  from  its  insertion.     The 

surgeon  should  see  that  the 
tendon  is  spread  out  before 
clamping.  The  muscle  is  cut 
off  a  millimeter  or  two  fron? 
the  globe  so  as  to  leave  a 
stump  to  which  the  resected 
muscle  is  to  be  attached. 
The  muscle  is  dissected  en- 
tirely from  the  tissues  that 
surround  it. 

Introduce  the  double- 
armed  center  suture  so  as  to 
loop  the  muscle  and  conjunc- 
tiva, entering  the  needles 
about  2  mm.  apart  on  the 
side  of  the  muscle  next  to  the 
eyeball  and  picking  up  the 
margin  of  the  posterior  con- 
junctival  flap.  The  two  lat- 
eral sutures  should  be  introduced  from  the  opposite  direction ;  that  is,  through 

the  conjunctiva  first,  and  then  through  the  muscle  near  the  upper  and  lower 

borders.    Put  the  large  center  suture  through  the  stump  first.     To  accomplish 

this,  pick  up  the  stump  of  the  tendon  with  a  pair  of  forceps  and,  entering  the 

needles  in  the  angle  between  the  stump 

and  sclera,  carry  the  sutures  through 

the  stump  and  through  the  margin  of 

the  overlying  conjunctiva.    The  upper 

and  lower  lateral  sutures  are  passed 

through  the  tendon  stump  and  con- 

jimrtiva  in  the  same  way  and  then  all 

three  of  the  sutures  are  tied.     Thus 

the  cut  end  of  the  muscle  is  brought 

t«>  tin'  original  position  of  insertion, 

and  the  conjunctival  wound  is  closed 

without    additional    sutures.      Reese 

recommends  that  the  lateral  sutures  be 

allowed  to  remain  about  a  week,  and 

the  heavy  center  suture  from  10  days 

weeks.    The  dressing  and  bandage  are  worn  for  about  1  week.    In  paralytic 
nt  the  resection  may  have  to  be  repeated  on  the  same  muscle.    There  seems 

to  be  no  objection  to  resecting  the  same  muscle  a  number  of  times. 


FIG.  44. — RESECTION   OF  INTERNAL  RECTUS.    Sutures  are 
ready  to  tie. 


Fio.  45. — RESECTION  OF  INTERNAL  RECTUS.    Su- 
tures have  been  tied  and  wound  closed. 
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Tenotomy.—  Trnotomy   may   lie  done  i-itlu-r  al-.m-  or  in  combination  with 
resection  or  advancement     Jt  may   !.<•  complete  or  partial.      In  almost  every 
case  of  divergent  strjihisnms  operated  on  complete   ti-notumy  of  tin-  <-.v 
rectus  should   U-  done  in  Combination  with  resection  of  the  internal  rectus, 
as  it  is  necessary  to  get  a  slight  overcorrection  (5  to  10°)  in 
operating  for  divcr-cncc.      In  the  case  of  the  internal  re« 
Icnoiomy   miHt   hr  performed  guardedly,  especially  in  grow- 
ing children,  as  complete  severing  of  the  internal  rectal  ten- 
don gives  uncertain  results;  and  limitation  of  motility  of  tin- 
eyeball  and  disfiguring  divergence  may  be  the  outcome. 

ANESTHESIA. — Cocain  and  adrenalin  usually  suffice,  and 
the  operator  prefers  local  anesthesia,  as  he  can  judge  better 
as  to  the  effect  produced  at  any  step  of  the  straightening 
process.  The  pain  in  this  operation  comes  from  the  pulling 
on  the  muscle,  so  this  must  be  avoided  as  much  as  possible. 
INSTRUMENTS. — Mouse-tooth  forceps,  small  curved  scis- 
sors, such  as  Stevens  scissors,  strabismus  hook,  needle-holder 
and  No.  5  twisted  silk  sutures. 

OPEEATION. — Cause  the  patient  to  look  in  such  a  direc- 
tion as  to  expose  the  insertion  of  the  muscle  to  be  cut.  Grasp 
the  conjunctiva  with  mouse-tooth  forceps  and  make  an  in- 
cision along  the  insertion  of  the  muscle.  Dissect  up  the  con- 
junctiva from  the  muscle  and  in  case  of  the  internal  rectus 

dissect  up  the  semilunar  fold 
and  caruncle  freely.  Grasp  the 
tendon  near  its  insertion  with 
tooth  forceps  and  cut  it  through 
at  the  center  of  its  insertion. 
Introduce  the  hook  into  the  open- 
ing thus  made,  and  lift  either  the 
upper  or  lower  half  of  the  tendon 
gently  off  from  the  globe.  Then  tuck  the  conjunc- 
tiva over  the  end  of  the  hook  and  have  the  assistant 
hold  it  out  of  the  way  and  cut  toward  the  border  of 
the  muscle.  Now  lift  the  other  half  of  the  muscle 
on  the  hook  and  cut  in  the  same  way.  l»y  this 
method  the  operator  is  enabled  to  graduate  his 
tenotomy  accurately.  Suture  the  conjunctiva]  in- 
cision, taking  care  not  to  pick  up  the  tendon.  Tt  is 
advisable  to  avoid  sinking  of  the  caruncle  with  a 

view  to  getting  the  best  cosmetic  effect.  So  in  tenotomizinir  the  internal  rec- 
tus, it  is  important  not  only  to  dissect  up  the  semilunar  fold  and  the  caruncle 
from  the  tendon,  but  also  to  use  great  care,  in  suturing,  to  draw  the  semilunar 
fold  well  forward,  overlapping  the  conjunctiva  if  necessary  in  order  to  obtain 


Fio.  46.  —  MOUBE- 
TOOTH  FORCEPS 
FOR  TENOTOMY. 


FIG.  47. — STRABISMUS  HOOKS, 
3  SIZES. 
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the  best 
in  4  or 


cosmetic  effect.     If  the  sutures  do  not  fall  out  they  may  be  removed 

5  days  after  the  operation. 

If  a  complete  tenotomy  is  to  be  performed,  the  in- 
sertion may  be  cut  straight  through  from  one  border  to 
the  other.  To  accomplish  this,  after  making  the  con- 
junctival  incision,  cut  through  the  episcleral  tissue  and 
introduce  a  squint  hook  under  the  tendon  and  lift  it 
away  from  the  eyeball  slightly.  Then  pass  one  blade  of 
a  straight  scissors  behind  the  tendon  and  cut  it  com- 
pletely off  at  its  insertion  (Fig.  49).  Approximation 
of  the  conjunctiva  completes  the  operation. 

INJURIES    TO    THE    EYEBALL 


Small  superficial  wounds  of  the  cornea  and  conjunc- 
tiva usually  need  nothing  more  than  antisepsis  and 
dressing.  Abrasion  of  the  cornea  is  painful  and  may 
justify  an  analgesic.  Absolute  rest  of  the  eye  under 
dressing  and  bandage  favors  healing.  In  superficial 
wounds  involving  the  conjunctiva,  fine  silk  sutures  may 
be  introduced  if  the  wound  margins  do  not  lie  in  good 
apposition. 

Deep  wounds  of  the  cornea  are  liable  to  be  compli- 
cated by  injury  to  the  iris  with  prolapse  of  this  structure  or  by  injury  to  the 
lens  (cataract),  or  by  injury  to  the  neighboring  sclera  and  ciliary  body.     There 
is  room  for  considerable  variation  in  these  wounds,  and  oftentimes  refinement 
of  surgical  judgment  is 
called  for.     A  simple  pene- 
trating wound  of  the  cornea 
usually    is    best    treated    by 
atropin,    and    antisepsis    ob- 
taim'd  by  a  solution  such  as 
!•••!    j  .vriO   per  cent.,   or 
l»y   an   ointment  such   as  bi- 
rhlorid     vasdin     1:5,000    to 
1  :".,000,   and    dressing   with 
bandage.      If  the  iris  is  pro- 
la  psi-d,      free      iridectomy 
should  l.c  pi-ft'ormed  as  soon 
as  possible  to  liberate  it  from  the  wound.    In  the  case  of  a  wound  several  days 
old,  the  iris  may  be  adherent  to  the  margin  of  the  corneal  wound,  and  should 
be  carefully  dissected  free  with  a  fine  spatula  or  probe  before  attempting  to 
cut  the  prolapsed  iris  off.     In  freeing  any  case  of  prolapsed  iris,  traction 
be  made  on  the  prolapsed  tissue  with  the  iris  forceps  and  the  scissors 


Fio.  48. — STEVENS'  TENOT- 
OMY SCISSORS. 


Fio.  49. — PERFORMING  COMPLETE  TENOTOMY. 
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blades  should  be  held  close  to  the  cornea  when  the  cut  is  made.  I  f  a  traumatic 
ratal  ae,  exists  it  may  be  wise  to  attempt  to  extract  as  much  of  the  lens  matter 
as  possible  through  the  corneal  wound  by  using  saline  in  ami  the 

>patula.      Oftentimes,  however,   it   is  better  to   leave   the   lens   al««m\   and   let 
it    take  care  of  itself,  with  the  possibility  of  extracting  at  a    later  dan-   if 
ary. 

If  a  wound  extends  into  the  ciliary  body  so  as  to  injure  it  si-riously,  tin-  prognosis 
for  the  eye  is  bad.     Probably  the  injured  <-y<-  will  !.»•  lo-t,  ;lnd  tin-  fallow  eye  will  be 
endangered.     An  eye  sustaining  sueh  an   injury  should  !•<•  ••mi. -I..,: 
the   patient  from   pain,  loss  of  time  and  especially  danger  of  loss  of  the  fellow  eye 
through  sympathetic  inflammation. 


tinuill  penetrating  wounds  of  flic  wlcra   behind    the  ciliary   body    (da- 
zone)   are  rare,  and  usually  require  nothing  more  than  to  have  the  conjunc- 
tiva over  them  adjusted  with  fine  silk  sutures.     Large  scleral  ruptures  re>ult 
usually  from  blows  and  are  contre-coup  in  character.     These  wound-  are  usually 
larger  than  they  appear  to  be,  as  the  overlying  conjunctiva  seldom  if  ever 
tains  as  large  a  wound  as  that  in  the  sclera,  and  the  scleral  wound  is  concealed 
by  the  overlying  conjimctival  tissue.     Usually  eyes  with  large  scleral  ruptures 
are  lost.     If  an  attempt  to  save  the  eye  is  to  be  made,  the  conjunctiva  should 
be  carefully  sutured,  but  it  is  better  not  to  introduce  sutures  into  the  sclerotic 
coat. 

If  in  any  case  there  has  been  a  possibility  of  the  entrance  of  a  foreign  body  into 
the  globe,  the  X-ray  should  be  used  to  determine  whether  or  not  a  foreign  body  is 
present,  and  if  it  is  to  map  out  the  size,  shape  and  location  of  the  body. 

INJURIES  TO  THE  EYE  BY  FOREIGN  BODIES 

In  considering  the  subject  of  the  treatment  of  injuries  to  the  eye  by  for- 
eign bodies,  we  are  concerned  chiefly  with  injuries  to  the  cornea.  Small 
foreign  bodies  do  not  usually  penetrate  to  the  interior  of  the  globe,  and  except 
in  the  case  of  injury  by  gunpowder,  those  which  strike  the  conjunctiva  of 
the  eyeball  with  too  little  force  to  penetrate  to  the  interior,  as  a  rule, 
fail  to  become  embedded  in  this  structure  although  they  frequently  adhere 
to  the  conjunctiva  of  the  upper  lid.  Furthermore,  injuries  to  the  con- 
junctival  and  subconjunctival  tissues  are  secondary  in  importance  since 
they  do  not  lead  to  impairment  of  vision  as  injuries  to  the  cornea  are  prone 
to  do. 

Removal  of  Foreign  Bodies  from  the  Conjunctiva.— To  remove  foreign 
bodies  from  the  conjunctiva  of  the  upper  eyelid  all  that  is  necessary  as  a  rule 
is  to  evert  the  lid  and  wipe  off  the  offending  particle.  To  turn  the  upper  lid 
the  surgeon  grasps  the  eyelashes  between  the  thumb  and  forefinger  of  the  left 
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is  directed  to  look  down.     As  the  eye  turns  down  the 


Fio.  50. — AUTHOR'S 
INSTRUMENT  FOR 
REMOVING  FOR- 
EIGN BODIES  FROM 
THE  CORNEA. 


clean  cotton  swab  or  damp  cotton  sponge.  If  the  cornea  has 
been  scratched  by  rubbing  of  the  foreign  body  through  mov- 
ing the  lids,  the'eye  will  feel  uncomfortable  until  the  little 
wound  is  healed.  To  guard  against  infection,  it  is  well  to 
make  a  practice  of  instilling  argyrol  25  per  cent,  after  re- 
moving a  foreign  particle  from  the  conjunctiva. 

If  specks  of  powder  have  become  embedded  in  the  con- 
junctiva of  the  eyeball,  it  is  usually  im- 
possible to  pick  them  out.  In  order  to 
remove  them  the  surgeon  must  pick  up 
each  particle  with  the  conjunctiva  by 
means  of  a  fine  forceps  and  snip  out  the 
foreign  particles  with  the  least  possible 
surrounding  conjunctiva. 

Removal  of  Foreign  Bodies  Embedded  in 

the  Cornea. — The  surgeon  should  have  absolutely  good  light 
and  a  lens  with  a  focus  of  about  2%  in.  to  condense  the  light 
rays  upon  the  foreign  particle.  In  some  cases  it  is  necessary 
to  depend  upon  concentrated  artificial  light  and  a  magnify- 
ing glass  to  aid  the  vision  of  the  operator.  The  cornea  is 
anesthetized  by  the  instillation  into  the  eye  of  4  per  cent. 
cocain,  1  per  cent,  holocain  or  3  per  cent,  alypin.  Complete 
anesthesia  is  usually  accomplished  by  3  instillations  at  in- 
tervals of  2  or  3  minutes.  Holocain  and  alypin  have  a  slight 
advantage  over  cocain  in  that  they  do  not  dilate  the  pupil; 
and  in  the  cases  in  question  it  is  usually  not  desirable  to 
dilate  the  pupil,  as  dilatation  renders  the  eye  more  susceptible 
to  discomfort  from  light.  However,  cocain  is  always  effi- 
cient and  for  some  patients  the  other  anesthetics  do  not  seem 
to  give  complete  loss  of  sensibility,  so  that  cocain  is  usually 
mi  ployed. 

A  number  of  instruments  have  been  designed  for  tho 
extraction  of  foreign  particles  from  the  cornea,  but  none  of 
them  is  entirely  satisfactory  for  all  foreign  bodies.  Many  of 
them  can  be  easily  removed  with  the  ordinary  "spud."  The 
instrument  shown  in  Figure  50  was  designed  by  me  especially  for  the  gen- 
eral practitioner,  and  is  safe  in  the  hands  of  the  surgeon  not  especially 
trained  in  eye  surgery.  The  edge  of  the  instrument  is  ground  sharp  and 
should  cut  with  gentle  pressure. 


FIG.  51.  —  FOREIGN 
BODY  NEEDLE  AND 
COMBINED. 
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The  patient  is  seated  in  a  chair  of  such  a  height  that  his  eyes  will  be  in 
a  position  most  easily  accessible  to  the  surgeon,  who  stands  behind  the  patient 
and  steadies  his  head.  The  light  is  thrown  on  the  cornea  with  a  condensing 
lens  and  the  patient  is  instructed  to  keep  both  eyes  open  wide  and  to  look  with 
the  uninjured  eye  at  a  definite  object  in  such  a  direction  that  the  foreign 
body  can  be  distinctly  seen.  The  surgeon,  with  his  lingers,  assists  the  patient 
in  holding  his  eyes  open.  The  surgeon  works  the  edge-  uf  tin-  in-inim.-nt  care- 


V 
FIG.  52. — REMOVING  FOREIGN  BODY  FROM  CORNEA. 

fully  under  the  foreign  body  and,  if  possible,  with  a  single  motion  lifts  the 
foreign  body  from  its  bed  in  the  cornea.  It  is  not  always  possible  to  do  this, 
especially  in  the  case  of  emery  particles,  which  break  up  when  manipulated; 
so  a  point  has  been  provided  on  the  instrument  for  such  foreign  bodies  as  can- 
not be  removed  by  the  cutting  edge.  In  using  this  point,  the  shank  of  the 
instrument  is  made  to  act  as  a  guard  against  penetrating  the  anterior  chamber 
of  the  eyeball. 

As  a  rule,  if  the  foreign  bodies  are  removed  entirely,  the  little  wounds 
heal  up  kindly.  However,  it  is  a  wise  precaution  to  prescribe  argyrol  25  per 
cent,  or  some  other  mild  antiseptic,  to  be  used  by  the  patient  3  or  4  times  daily 
for  a  period  of  a  few  days,  as  occasionally  infection  in  these  wounds  occurs 
and  leads  to  ulceration  of  the  cornea.  If  only  the  superficial  epithelial  layer 
of  the  cornea  has  been  injured,  the  patient  can  be  promised  no  impairment  in 


Fio.  53. — MAGNET  EXTRACTION  OF  FOREIGN  BODY  IN  GLOBE.     Giant  magnet  in  position. 


M.-MAONET  EXTRACTION  OF  FOREIGN  BODY  IN  GLOBE.     Small  hand  magnet  in  position. 
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his  vision,  but  when  the  deeper  layers  are  injured,  scar  formation  always  re- 
sults and  cicatricial  tissue  in  the  pupillary  area  means  direct  interference  with 
the  function  of  vision.  And  even  if 
these  scars  are  peripheral  to  the 
pupillary  area  of  the  cornea,  irreg- 
ular astigmatism  of  a  greater  or 
lesser  degree  results.  This  astigma- 
tism cannot  be  corrected  by  any  lens. 
Hence  the  seriousness  of  foreign 
body  wounds  of  the  cornea  from  the 
point  of  view  of  vision.  Injuries  to 
the  cornea  are  oftentimes  regarded 
too  lightly  by  both  surgeon  and  pa- 
tient. Men  who  are  working  in 
shops  and  are  prone  to  get  foreign 
particles  in  their  eyes  should  be  cau- 
tioned to  wear  goggles  while  at  work. 

A  number  of  medicaments  have 
been  recommended  for  the  removal 
of  scars  from  the  cornea,  but  after  a 
scar  has  once  been  formed,  nothing 
can  be  applied  which  will  remove  it. 

Removal  of  Foreign  Bodies  Which 
Have  Penetrated  to  the  Interior  of  the 
Eyeball. — In  my  opinion,  the  pa- 
tients who  are  victims  of  such  in- 
juries should  be  sent  at  once  to  an 
eye  surgeon  who  has  been  specially 
trained  in  extracting  bodies  from  the 
globe. 

Figure  56  is  a  reduction  of  a 
skiagraphic  chart  which  shows  a 
method  of  recording  the  localization 
of  a  foreign  body  in  the  interior  of 
the  eye.  A  radiographer  skilled  in 
the  work  can  estimate  to  the  fraction 
of  a  millimeter  the  position  of  mi- 
nute or  large  foreign  bodies  which 
have  penetrated  the  eyeball.  (For 
detailed  description  of  the  Dixon 

method  of  localization  see  Weeks'  "Diseases  of  the  Eye.")  There  is  consider- 
able difference  of  opinion  as  to  the  best  method  of  removing  these  bodies,  but 
after  a  study  of  the  technic  of  foreign  body  extraction,  together  with  the 

results  obtained,  I  am  convinced  that  a  non-magnetic  foreign  body  hanging  in 
5  B 


FIG.  55. — DR.  DIXON 's  IMIMU>YKI>  APPARATUS  FOR 
LOCALIZING  FORKUJN  HODIKS  IN  THK  KYK  AND 
ORBIT. 


50     OPERATIONS    ON    THE    EYE    AND    ITS    APPENDAGES 

the  vitreous  should  not  receive  operative  interference  unless  the  eyeball  has 
to  be  removed.  But  if  it  is  in  contact  with  the  wall  of  the  globe,  it  may  be 
removed  through  an  opening  as  near  as  possible  to  the  site  of  the  foreign  body. 
Magnetic  foreign  bodies  should  be  drawn  into  the  anterior  chamber  of  the  eye- 


Fio.  56. — DIXON'S  MODIFICATION  OP  SWEET'S  CHART. 

ball  through  the  ligament  of  the  lens  by  application  of  the  giant  magnet, 
<•!•  through  the  lens  itself  if  it  has  been  injured.  They  should  then  be 
•  1  raw 1 1  out  of  the  anterior  chamber  through  an  incision  in  the  cornea 
by  application  of  a  small  hand  magnet.  During  manipulation  the  eye 
is  held  open  by  a  speculum  made  of  silver  or  some  other  non-magnetic 
metal. 

Although  the  prognosis  for  eyes  penetrated  by  foreign  bodies  is  always 
grave,  a  large  proportion  of  such  eyes  should  be  saved  with  good  vision  pro- 
viding that  the  lens  is  not  injured,  and  even  in  cases  in  which  there  has  been 
injury  to  the  lens  good  vision  should  follow  extraction  of  the  cataractous  lens. 
1  1 1 fortunately  some  of  the  eyes  injured  by  foreign  bodies,  strangely  enough, 
'i crate  months  or  years  after  apparently  successful  magnet  extraction. 


ENUCLEATION 


INDICATIONS. — Indications  for  enucleation  are  intra-ocular  tumors  of 
malignant  type;  absolute  glaucoma  if  the  eye  is  painful  and  relief  cannot  be 
obtained  by  a  less  radical  procedure;  panophthalmitis ;  injuries  in  which  the 
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damage  to  the  eye  is  of  such  an  extent  that  the  surgeon  is  sure  that  the  eyeball 

cannot  be  saved,  and  inj-urirs  in  Ihr  rilmn/  /•<,,/„„  which  endanger  the  fellow 

eye  through  sympathetic  inflammation;  ami  an\ 

in   which  the  vision  is  lost  and   the  ///*///////•<•////•/*/    is 

considerable. 

INSTRUMENTS.— Speculum,  mouse-tout  h  torcepg, 
small  curved  scissors,  strabismus  h<><.k,  emigration 
scissors,  needle-holder  and  sutures. 

ANESTHESIA.— General  anesthesia  should  be  em- 
ployed. If  it  is  not  prudent  to  give  chloroform  or 
ether  on  account  of  a  constitutional  disease,  the  opera- 
tion may  be  performed  under  nitrous  oxid  gas. 

OPERATION.— After  irri.-at  in-  with  boric  acid 
solution,  instill  adrenalin  1 :1,000  to  control  the  hem- 
orrhage. Introduce  the  eye  speculum.  If  the  anterior 
portion  of  the  eyeball  is  badly  lacerated  the  wound 
should  be  sewed  up  with  silk  sutures.  If  the  sutures 
arc  left  long  after  tying,  they  serve  as  a  convenient 
means  of  holding  the  eye  in  whatever  position  the  sur- 
geon may  wish  during  the  enucleation.  Even  in  cases 
in  which  there  is  no  wound  of  the  globe,  as  a  matter 
of  convenience  a  suture  may  be  introduced  into  the 
cornea  for  directing  the  position  of  the  eye. 

With  the  mouse-tooth  forceps  pick  up  the  conjunc- 
tiva near  the  cornea  and  dissect  this  membrane  free 

from  the  cornea  all  the  way  around  with  a  pair  of  small  curved  scissors,  and 
dissect  the  conjunctival  and  subconjunctival  tissues  from  the  globe  far  enon-h 
back  to  expose  the  insertions  of  the  rectus  tendons.  Pick  up  the  tendons  on 

the  strabismus  hook  one 
by  one  and  cut  them  free 
from  the  eyeball  at  their 
insertions.  Then  force 
the  globe  forward  as  far 
as  possible,  either  In- 
making  traction  on  a  su- 
ture which  has  been  left 
long  or  by  prolapsing  the 
globe  through  the  specu- 
lum. Introduce  the  enu- 
cleation scissors  behind 
the  globe  and  feel  for  the 
optic  nerve  with  the  blades  closed ;  and  when  the  exact  position  is  determined, 
straddle  the  nerve  with  the  blades  of  the  scissors  and  cut  it.  This  allows  the 
eyeball  to  come  forward  freely  and  the  tissues  which  remain  attached  to  the 


FIG.  57. — ENTTCLJEATION  Sci»- 

MBfc 


FIG.  58. — ENUCLEATION    OF    RIGHT   EYEBALL,.     Conjunctiva    has 
been  dissected  up,  and  muscle  is  about  to  be  cut  at  its  insertion. 
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n.av  be  dissected  off  easily.    Tampon  and  make  firm  pressure  with  cotton 
™  and  maintain  this  pressure  until  the  hemorrhage  has  ceased.     It  is  not 
;ut,|v  accessary  to  suture  the  conjunctival  wound,  but  suturmg  wiU  hasten 


,„;. 


1  to.  60.     ENI  •  I.KATION  OF  RIGHT  EYEBALL.     Scissors  in  position  to  cut  optic  nerve. 


A  fine 


hoalini:  and  prevent  the  formation  of  granulation  tissue  in  the  wound. 
ii-nt  suture  is  sufficient,  and  is  usually  introduced  as  a  purse  string. 

The  dressing  should  be  changed  daily  until  the  wound  is  healed,  and  at  the 
end  of  2  weeks  or  more  an  artificial  eye  should  be  introduced. 

Momi'lKD  F.XUCLEATION  OPEEATIONS. — There  are  many  modifications  of 
this  operation  juicl  substitutes  for  it.  Among  these  are  evisceration,  in  which  the 
•  •••ntrnts  "f  the  eyeball  are  removed  and  the  sclera  is  left  with  its  muscular  attach- 
ments, and  procedures  in  which  a  glass  or  gold  sphere  is  intro- 
duced into  the  sclera  after  evisceration  or  in  Tenon's  capsule 
after  eiiucleation.  There  is  considerable  difference  of  opinion 
among  ophthalmologists  as  to  the  relative  value  of  these  opera- 
tions. Eecently  fatty  tissue  has  been  introduced  into  the  cavity 
after  enucleation  with  good  results.  The  fat  may  be  taken 
either  from  the  abdominal  wall  or  from  the  thigh.  This  may  be 
done  without  cLiiger  of  infection  or  other  unfortunate  results. 
In  all  cases  of  implantation  of  fat  in  Tenon's  capsule,  probably 

then-  is  son,*-  absorption  of  the  fatty  tissue,  but  judging  from  the  results  in  cases  on 
which  this  operation  was  done  several  years  ago,  sufficient  fat  remains  to  preserve  a 
good  stump. 

ARTIFICIAL  EYES. — After  enucleation  or  any  modification,  an  artificial 
must  be  carefully  fitted  to  the  socket.  The  cosmetic  appearance  follow- 
ing enucleation  depends  as  much  upon  the  prosthesis  as  upon  the  operation 
it-rlf.  Artificial  eyes  may  be  a  source  of  discomfort  to  patients  and  may 

-'•  injury  to  the  conjunctiva,  resulting  in  granulation  and  cicatricial 
tissue. 


".    -  ARTIFICIAL 
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When  a  patient  complains  of  discomfort  from  a  glass  eye,  the  entire  conjunctiva 
and  lacrimal  sac  should  be  subjected  to  close  scrutiny.     If  th.   hu-rinud  MM  is  diseased, 

it  should  In-  properly  treated  or  removed.     If  tin-  eonjun.-t  iv.t  N  inthum-d.  tl.. 
eye  Hhould  he  left  out  until  proper  t  n-.-itment  IIM-  n-tori-d  the  imirou>  m.  iiihnn.-  to  its 
normal    condition.      Any   granulation    tlMUfl    pr.-t-iit   should   he   removd    with    seiaaors 
and    (lie   wounds  cauterized  with   a  lunar  caustic  peneil.      From   «-ontraetioii   "f   the 
eieatriciul  tissue  sometimes  it  becomes  impossible  for  a  patient  to  hold  ai 
eye.     This  is  most  liable  to  be  the  case  if  the  emx-leation   ha>  heen   improperly  per- 
formed, or  if  the  conjunctiva  has  undergone  cicatririal  <-ontra.-ti«m  through  a  s.-rious 
injury  or  a  burn  from  lime  or  acid.    Complete  obliteration  of  th«-  eonjum-tival  eul-de- 
sac  may  result  in  these  cases.    For  such  a  condition  it  sometimes  becomes  necessary  to 
form  new  cul-de-sacs  by  the  transplantation  of  skin  Drafts.     The  operation  for  the 
restoration  of  sockets  by  this  means  is  difficult  and  tedious  and  not  always  sat. 
tory  in  its  results,  especially  when  a  new  upper  eul-de->ae  h.  d  tin* 

tendon  of  the  levator  palpebraj  superioris  is  injured.     The  t«-c-hni<-  of  thi-  operation 
is  described  on  page  71. 


OPERATIONS  ON  THE  EYELIDS 

SURGICAL  ANATOMY  OF  THE  EYELIDS 

The  eyelids  are  movable  folds  for  the  protection  of  the  eyeball.     The  nor- 
mal lids  are  capable  of  absolute  approximation.     When  separated  the  eyeball 
is  partly  exposed  and  the  opening  between  the  lids  is  known  as  the  \xi\i 
fissure.     The  outer  angle  of  this  opening  is  known  as  the  cj-frrnnl  mnllm*  and 
the  inner  angle  as  the  internal  canthus.     At  the  inner  eantlms  there  i-  a  little 
triangular  space  which  exposes,  when  the  eyes  are  open,  a  small  reddish  ele- 
vation known  as  the  caruncle.     About  5  nun.   from  the  inner  eanthns  on  each 
lid  is  a  minute  opening  known  as  the  lacrimal  /mnrlnm    I'm-  the   |.. 
tears   into  the  canaliculus,  which  communicates   with    the   laerimal   sac  and 
allows  drainage  of  the  tears  into  the  nose  through  the  nasal  duet. 

At  the  lid  margins  are  eyelashes  or  cilia.  Purulent  int'eetion  around  the 
roots  of  the  eyelashes  results  in  the  formation  of  the  familiar  pus  collection 
known  as  hordeolum  or  sty.  The  skin  and  subcutaneous  tissue  of  the  lids  are 
lax  and  lie  in  little  folds.  The  usual  laxity  of  these  tissues  accounts  for  the 
marked  swelling  which  occurs  from  contusions,  infections,  and  vascular  disease. 
The  orbicularis  palpebrarum  muscle  lies  beneath  the  skin  and  subcutaneous 
tissue,  with  its  fibers  running  in  a  curved  direction  around  the  eyelids.  Con- 
traction of  this  muscle  causes  approximation  of  the  lid  margins  or  closure  of 
the  eyes.  Lying  beneath  the  orbicularis  muscle  in  each  eyelid  is  a  tarsus  or 
tarsal  plate  extending  from  one  end  of  the  palpebral  fissure  to  the  other.  These 
plates  are  composed  of  tough  connective  tissue  of  cartilaginous  consistency, 
and  it  is  through  them  that  the  conformity  of  the  lids  and  lid  margins  is  pre- 
served. These  plates  are  pointed  at  the  ends;  in  the  upper  lids  they  have  a 
width  in  the  center  of  about  8  mm.  and  in  the  lower  lids  a  width  of  5  or  6 
mm.  The  ends  of  the  tarsal  plates  are  connected  with  the  orbital  margin  by 
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bands  of  ligamentous  tissue  known  as  the  internal  and  external  tarsal,  canthal 
or  palpebral  ligaments. 

The  posterior  surfaces  of  the  tarsal  plates  have  numerous  grooves  1 
M.ihomian  tjlamh,  which  secrete  a  sebaceous  material  to  prevent  the  lid 
margin*  from  sticking  together.  The  ducts  of  these  glands  open  behind 
the  eyelashes  in  the  lid  margins.  It  is  through  blocking  of  one  of  these 
ducts' ami  th<>  cystic  collection  of  Meibomian  gland  secretion  together  with 
rl.nmii'  iiittaini  'nation  which  produces  the  familiar  condition  termed 

chalaxion. 

Lining  the  eyelids  is  a  layer  of  well  vascularized  mucous  membrane  known 
as  the  conjunctiva.  This  is  folded  over  on  the  anterior  surface  of  the  eye- 
hall. 

The  tissues  of  the  eyelids  are  well  supplied  with  blood  by  the  palpebral 
tir/rnVx.  which  run  close  to  the  lid  margin  between  the  orbicularis  muscle  and 
the  tarsus. 


EPILATION    OF    EYELASHES 

Frequently  in  cases  of  old  trachoma,  with  cicatricial  turning  in  of  the 
rvdids,  the  cilia  rub  against  the  cornea  and  become  a  source  of  irritation  and 
annoyance  to  the  patient.  Less  often  this  condition  results 
from  burns  of  the  conjunctiva  and  from  injury  to  the  eye- 
lids, and  sometimes  without  apparent  cause.  Pulling  out 
the  eyelashes  is  of  only  temporary  benefit,  but  will  give  relief 
until  they  can  be  directed  away  from  the  eyeball  by  an  opera- 
tive measure,  or  permanently  removed. 

For  epilation,  only  a  good  pair  of  cilia  forceps  is  neces- 
sary (Fig.  61).  The  patient  should  be  seated  in  a  good 
light.  The  operator  with  one  hand  slightly  everts  the  lid 
margin  by  making  gentle  pressure  on  the  skin  of  the  lid  a 
few  millimeters  from  the  margin,  and  with  the  other  hand 
grasps  the  eyelashes  one  by  one  with  the  cilia  forceps  and 
pulls  them  out  with  a  slightly  lateral  motion,  so  that  they 
will  not  slip  out  of  the  forceps.  After  removing  the  offend- 
ing cilia  that  are  apparent,  it  is  well  to  examine  for  very 
fine  or  broken  lashes  with  a  loupe,  and  to  remove  them  care- 
fully. Of  course  new  eyelashes  will  appear  to  replace  those 
epilated. 


Pio.  61. — CIUA  FOR- 
CEPS. 


ELECTROLYSIS    OF    CILIA    FOLLICLES 


If  only  a  few  hairs  are  rubbing  against  the  eyeball  the 

best  way  to  get  rid  of  them  is  by  electrolysis.  The  procedure  is  painful  and 
should  be  done  under  general  narcosis  or  cocain  infiltration  anesthesia.  If 
cocain  is  used,  4  per  cent,  solution  should  be  injected  through  the  skin  in  suffi- 
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cient  quantity  to  thoroughly  imestheti/e  the  portion  of  the  lid  which  holds  the 
offending  hairs.  The  lid  is  held  in  ever>i,m  by  a  damp  sn«-h  as  that  of  Knapp 
<»r  Dcsmarrcs,  or  by  a  Jaeger  lid  plat  ilvanir  mi-rent  with  a  rheostat  is 

employed  for  the  electrolysis.  At  tin-  in-native  pole  is  a  fine  sharp  needle,  and 
at  the  positive  pole  is  a  small  sponge.  The  sponge  should  U«  dipped  in  water  or 


FIG.  62. — LARGE  CHALAZION  OF 
RIGHT  UPPER  EYELID. 


FIG.  63. — EXCISION  or  CHA- 

I.A/II.N.    Skin  incision. 


salt  solution  and  held  against  the  patient's  temple  or  forehead.  The  fine 
needle  at  the  negative  pole  should  be  introduced  along  an  offending  eyelash 
into  the  follicle,  a  distance  of  about  3  mm.  and,  with  the  sponge  in  position, 
the  current  should  be  turned  on  gradually  until  bubbles  appear  around  the 
needle.  After  about  a  half  minute  of  bubbling,  the  current  is  turned  off  or 
broken  by  removing  the  sponge,  and  the  eyelash  is  lifted  out  with  the  cilia 
forceps.  If  the  current  has  been  applied  successfully  the  eyelash  will  offer 
no  resistance  and  the  destruction  is  permanent.  No  dressing  is  necessary. 


HOKDEOLUM    (STY) 


A  little  pus  collection  about  the  follicles  of  an  eyelash,  commonly  known  as 
a  sty,  does  not  necessarily  call  for  operative  interference,  but  it  may  be  a 
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painful  and  annoying  condition  and  incision  and  evacuation  of  the  pus  will 
cut  short    its  course. 

In jcct ion  of  cocain  into  the  tissues  about  the  hordeolum  renders  the  in- 
cision almost  painless.  In  order  to  be  sure  not  to  injure  the  eyeball  during 
this  i>ro«T(linv.  -nisp  the  lid  between  the  thumb  and  forefinger  of  the  left  hand 

and  open  the  sty  quickly  but  freely  with 
a  sharp  knife  and  thoroughly  squeeze  out 
its  contents.  Ordinarily,  curetting  is  not 
necessary.  Hot  bathing  will  hasten  the 


HALAZION.  Dis- 
section haw  1,. .  t,  completed  except  for 
cutting  off  at  base. 


FIG.  65. — EXCISION  OF  CHALAZION.     Skin 
retracted  to  facilitate  dissection. 


l"-ali,,Lr  prooen  after  incision,  and  ointment  applied  to  the, margin  of  the  eye- 
!   pn-vi-nr.  their  sticking  together  during  sleep. 


CHALAZION 

bzion  U  .,  ,ln,,,,ic  affection  of  a  Meibomian  gland  (Fig.  62),  resulting 
the  cyehd  with  th.ckened  wall,.     It  develops  slowly,  and  usually 
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without  irritation.    As  a  rule  no  harm  arises  aside  from  a  slight  disfigurement, 
but  occasionally  a  chain/ion  becomes  infected  and  an  inflammatory  process 

results. 

These  little  cysts  may  be  curetted  cither  through  the  conjunctiva  or  lid 
mar-iii,  but  thickened  ti>sue  is  liable  to  be  left  behind,  and  a  recurrence  is  not 
infre<|iieiit.  It  is  better  to  carefully  dissect  out  the  chalazion  with  its  wall 
through  an  incision  in  the  skin  if  the  growth  in  in  the  upper  lid,  or  through 
the  conjunctiva  if  it  is  in  the  lower  lid. 

First  anestheti/.e  the  conjunctiva  by  instilling  4  per  cent,  solution  of  cocain. 
Then  inject  cocain  4  per 
cent,  and  adrenalin  1 :  1,000 
e(|iial  parts  into  the  tissue 
of  the  lid  around  the  cvst. 
Apply  the  chalazion  clamp 
to  tbe  anesthetized  lid  so  as 
to  completely  shut  off  the 
circulation  (Fig.  63). 
Make  the  incision  down  to 
the  cyst  wall  and  Carefully 
dissect  out  the  chalazion. 
If  the  cyst  is  ruptured  in 

the  manipulation,   carefully  curet  any  particles  that  remain,   as  recurrence 
depends  upon  leaving  part  of  the  wall. 

A  conjunctival  incision  will  need  no  suture,  but  if  the  incision  is  made 
in  the  skin  a  subcutaneous  suture  (Fig.  66)  may  be  introduced  and  allowed  to 
remain  for  a  day  or  two.  The  wound  should  be  kept  under  a  dressing  until  the 
suture  is  removed. 


Fia.  66.— EXCISION  OF  CHALAZION.  Subcuticular  silk  suture. 


SCARIFICATION    AND    EXPRESSION    FOR    TRACHOMA 

In  the  follicular  type  of  trachoma  the  contents  of  the  follicles  can  be  re- 
moved by  opening  them  and  expressing  them  with  forceps. 

INSTEUMENTS. — Forceps  for  everting  lids,  scalpel  or 
multiple-bladed  scarifier,  trachoma  forceps  such  as  Knapp's 
roller  forceps. 

OPEKATION". — General  anesthesia  should  be  used,  as  this 
operation  is  most  often  performed  on  children  and  is  quite 
painful.  The  eyelid  is  doubly  everted  with  the  lid  forceps 
or  Prince  ring  forceps  and  the  follicles  are  opened  by  scarify- 
ing the  conjunctival  surface  very  lightly.  If  deep  cuts  are 
made  permanent  scars  with  adhesions  are  liable  to  result. 
Following  scarification  the  contents  of  the  follicles  are 
Fl?;  67-  — WEEK'S  squeezed  out  with  trachoma  forceps.  A  good  wav  is  to  work 

MULTIPLE-BLADED  ,.  '    ... 

with  two  pairs  of  Knapp  s  roller  forceps  and  "milk  the  Us- 
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sues"  until  the  conjunctiva  is  smooth,  taking  great  care  not  to  lacerate 
the  conjunctival  tissue.  The  Prince  forceps  is  a  suitable  instrument  for 
working  at  the  angles  and  expressing  the  follicles  of  the  semilunar 
folds.  'After  the  expression  is  completed  the  conjunctiva  of 
should  be  rubbed  thoroughly  with  cotton  swabs  wound  hard  and  satur- 
ated with  a  solution  of  bichlorid  1 :  5,000,  and  then  thoroughly 

anointed  with  vaselin  or  albolene. 

The  reaction  following  this  operation  is  control!* 
almost  constant  application  of  ice  pads  for  24  hours.  During 
the  few  days  following  scarification  and  expression,  a  thin 
fibrinous  membrane  forms  on  the  conjunctival  surface  of  the 
eyelids,  which  may  be  wiped  off  gently.  There  is  a  strong 
tendency  toward  conjunctival  adhesions  (symblepharon). 
These  should  be  prevented  by  the  use  of 
the  probe  and  by  keeping  the  tissues 
anointed  with  sterile  vaselin  or  albolene 
or  some  mild  antiseptic  ointment. 

In  a  few  days  after  operation  local 
treatment,  consisting  of  applications  of 
copper  sulphate  or  bichlorid  solution 
1:5,000,  should  be  continued  until  the 
trachomatous  process  is  eliminated. 

In  the  more  severe  type  of  trachoma  in 
adults,  accompanied  by  corneal  ulceration 
and  pannus,  the  most  satisfactory  pro- 
cedure is  the  resection  of  the  tarsus  with 
the  conjunctiva.  The  technic  of  this 
operation  is  described  on  page  68. 


Fio.  68.  —  PRINCE 
TRACHOMA  FOR- 
CEPS. 


ECTROPION 


Kc-tropion  is  a  turning  out  of  the  eyelid,  and  occurs  more 
roinnionly  in  the  lower  than  in  the  upper  lid.  Spastic  ectro- 
pion is  a  flopping  of  the  tarsal  portion  of  the  eyelid  and  is 
by  spasm  of  the  orbicularis  palpebrarum  muscle. 
ectropion  is  a  drooping  as  well  as  eversion  of  the  lower 
lid,  associated  with  lack  of  tone  in  the  tissues  of  the  lid. 
('iftilririiil  ectropion  is  caused  by  contraction  of  scar  tissue 
in  the  superficial  layers  of  the  eyelid. 

Spastic  Ectropion. — This  condition  is  occasionally  seen  in 

ehildren  \\lio  hnvc  nn  acute  inflammatory  disease  of  the  eye. 

t  i*  ;.  temporary  condition  and  usually  calls  for  only  temporary  means  of  relief. 

I  In-  tfl  found  in  the  ^nellen  sutures.     Usually  2  double-armed  silk  sutures  are 

introduced  through  the  conjunctiva  of  the  everted  lid  and  brought  out  on  the 


FIG.  69.  —  KNAPP'S 
TRACHOMA  FOR- 
CEPS. 
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skin  of  the  fnee  belnw  tin-  orbital  margin.     Tin-  needles  should  be  made  to  • 

the  conjunctiva  at  the  annle  of  eversioD  which  ,-..i T< -jM.n.ls  approximately  with 

the  convex   margin    of   the   tarsus.      The    -1 

needles  of  one  suture  enter  about  '1  nun.  from 

each  other   and    approximately   midway   be- 
tween the  center  of  the  eyelid  and  each  end. 

They  are  carried  through  the  subcutaneous 

tissue  somewhat  beyond  the  margin  of  the  «.r 

bit  and  are  brought  out  through  the  skin,  and 

there   tied  tight  enough  to  hold  the  eyelid 

against  the  eyeball.      These  sutures  may  be 

left  in  until  the  inflammatory  process  of  the 

eye  has  subsided  unless  an  infection  makes 

their  removal  necessary.     The  procedure  is 

very   easy   of  performance   and   gives   satis-  Fio.  70.— SENILE  ECTBOFIOM. 

factory  results  in  the  spastic  variety  of  ectropion. 

Senile  Ectropion. — As  the  name  implies,  this  condition  is  found  most  o: 

in  elderly  people  whose  tissues  have  be- 
come lax.  The  lower  lid  drops  away 
from  the  eyeball,-  the  conjunctiva  be- 
comes thickened  and  the  lid  margin 
rounded,  producing  an  unsightly  appear- 
ance of  the  eyelid,  associated  with  over- 
flowing of  tears.  Cautery  puncture  into 
the  substance  of  the  lid  through  the  con- 
junctiva as  described  by  Ziegler  will  suf- 
fice for  a  slight  ectropion  of  this  charac- 
ter. When  the  condition  is  marked,  the 
plastic  operation  of  Kuhnt  and  Meller  i- 
efficacious. 

CAUTERY  PUNCTURE. — After  anes- 
thetizing the  eyelid  with  cocain  and  ad- 
renalin injection,  apply  the  lid  clamp  of 
Ziegler  or  some  other  good  forceps  to 
hold  the  eyelid  in  position  and  make  a 
row  of  punctures  4  mm.  from  the  lid 
margin  and  4  mm.  apart  (Fig.  71). 
This  procedure  may  be  repeated  as  many 
times  as  necessary  to  bring  the  lid  in 
position.  The  reaction  following  this 
operation  is  slight  and  a  dressing  is  not 

necessary.     Vaselin  may  be  applied  to  the  cauterized  area  until   the  little 

wounds  are  healed. 

KUHNT-MELLER    OPERATION    FOR    SENILE    ECTROPION. — ANESTHESIA. — 


FIG.  71. — CAUTERY    PUNCTURE  FOR    ECTRO- 
PION. 
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ion  may  be  done  under  either  local  or  general  anesthesia.     A  solu- 
rf  eocain  2  per  cent,  and  adrenalin  1 :1,000  equal  parts  M  sat 


Fia.  72.— KUHNT-MELLER  OPERATION  FOR  SENILE  ECTROPION.  Splitting  the  lower  lid  margin,  left  eye. 

isfaftory  for  injection.    Tf  general  anesthesia  is  used,  adrenalin  solution  should 
be  injected  into  the  tissues,  as  considerable  bleeding  would  occur  otherwise. 


-  MI.I.I.I.K  OPERATION 
FOR  SENILE  ECTROPION.  Triangles  have 
been  removed  from  tarsus  and  skin. 


FIG.  74. — KUHNT-MELLER  OPERATION 
FOR  SENILE  ECTROPION.  Dissection 
complete. 


is. — Lid  clamp  (such  as  Desmarres'  or  Knapp's),  scalpel,  an- 
atomical  forceps,  mouse-tooth  forceps,   straight   and  curved  scissors,   needle- 
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Fio.    75. — KUHNT  -  MELLER    OPERATION     FOR    SENILB 
ECTROPION.      Sutures  in  tarsus  ready  to  tie. 


holder,  3  double-armed  fine  silk  sutures  and  several  single-armed  silk  sutures. 
<>,.,;  RATION.— The  first  step  is  to  split  the  low,-,-  lid.  To  accomplish  this 
apply  the  clamp  so  as  to  hold  the  lid  in  position  and  to  eontn.l  t|M.  hemorrhage 
(  Kig.  72).  Make  an  incision 
in  the  outer  two-thirds  of  the 
mam  in  <>f  the  eyelid  with  a  fine' 
scalpel  or  a  ( Ira  etc  knife.  This 
incision  should  divide  the  mar- 
gin of  the  eyelid  in  such  a  way 
as  to  leave  the  cilia  and  cilia 
In! lidos  in  the  anterior  flap  and 
the  tarsus  in  the  posterior  flap. 
After  starting  the  splitting  of 
the  lid  with  the  knife,  the  dis- 
section is  carried  down  with  the 
scissors  as  far  as  the  clamp  will 
allow.  This  will  be  found  easy 
if  an  assistant  holds  the  an- 
terior flap  forward  while  the 
surgeon  holds  the  posterior  flap 
backward  in  such  a  way  as  to  keep  open  the  wound  for  dissection. 

Next  remove  the  clamp  and  resect  a  triangular  portion  of  the  tarsus  and 
conjunctiva  from  the  posterior  flap.     The  size  of  the  portion  excised  should 

be  governed  by  the  amount  of  ectropion, 
enough  being  removed  to  bring  the  eyelid 
in  apposition  to  the  eyeball.  The  base  of 
this  triangle  is  at  the  lid  margin  and  the 
apex  at  the  lower  mariiin  of  the  tarsn-. 

The  next  step  in  the  operation  consists 
in  removing  a  triangle  of  skin  in  the  re- 
gion of  the  outer  canthus.  The  base  of 
this  triangle  should  be  as  long  as  that  of 
the  tarsal  triangle  just  removed  or  a  little 
longer  and  should  be  in  line  with  the  di- 
rection  of  the  margin  of  the  lower  li«i 
tending  from  the  external  canthus  outward 
and  slightly  upward.  Make  an  incision 
from  the  external  canthus  downward  and 
outward  at  right  angles  to  the  one  just 
made.  The  ends  of  the  2  incisions  are 
connected  by  a  third  and  the  triangle  of 

skin  removed  (Fig.  73).  Next  undermine  the  skin  flap  of  the  lid  thoroughly  so 
that  this  flap  will  slide  over  and  cover  the  denuded  area.  While  an  assistant 
holds  the  skin  flap  out  of  the  way,  the  surgeon  brings  the  2  tarsal  flaps  to- 


FIQ.  76.  —  KUHNT-MELLER  OPERATION 
FOR  SENILE  ECTROPION.  Operation 
complete  except  for  tying  mattress 
suture  in  lid. 
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Fio.     77. — CICATRICIAL    ECTROPION    OF    RIGHT 
LOWER  LID. 


margins,  and  the  third  near  the  border 
of  the  lid  (Fig.  75).  After  tying  the 
sutures,  cut  them  off  rather  close,  so 
that  there  will  be  as  little  irritation 
as  possible  to  the  eyeball. 

Before  sewing  the  skin  flap  in 
position  destroy  the  cilia,  which  would 
come  external  to  the  outer  canthus,  by 
cutting  away  a  very  narrow  strip 
which  will  include  the  cilia  follicles. 
Sew  the  skin  flap  in  position  by  means 
of  as  many  sutures  as  may  be  neces- 
sary, and  if  the  flaps  should  not  lie  in 
good  position  a  mattress  suture  may 
be  introduced  through  the  two  layers  near  the  lid  margin. 

This  operation  gives  most  satisfactory  results  in  senile  ectropion. 
eye  skould  be  kept  under  a  dressing  for  4  or  5  days,  when  the  sutures  may 
be  removed.      It  is   well   to   change   the 
dressing  daily  and  to  remove  any  secre- 
tion that  may  form. 

Cicatricial  Ectropion.  —  Ectropion  from 
scar  tissue  is  more  common  in  the  lower 
lid  than  in  the  upper.  It  develops  usually 
as  a  result  of  burns  or  traumatism.  When 
it  is  the  result  of  an  accident,  it  may  be 
associated  with  fracture  of  the  orbital 
margin.  There  is  no  operation  for  this 
(••UK!  it  ion  which  gives  a  perfect  cosmetic 
result,  but  plastic  operations  will  in  some 
cases  make  it  possible  for  the  patient  to 
close  the  eyelids  and  at  the  same  time 
improve  the  appearance  somewhat. 

WHARTON-JONES  OPEEATION.  —  This  procedure  sometimes  gives  bene- 
ficial results  if  the  scar  is  in  the  lower  lid  and  near  the  lid  margin.  The 
operation  may  be  done  under  cocain  and  adrenalin  injection  anesthesia.  Two 
converging  incisions  are  made  which  include  the  cicatricial  tissue  and  meet  to 
form  a  V  with  the  apex  downward.  The  skin,  including  the  scar  tissue,  is 
then  dissected  up  nearly  to  the  lid  margin  and  the  eyelid  is  placed  in  apposi- 
tion to  the  eyeball.  The  skin  on  each  side  of  the  flap  is  undermined  for  a 


FIG.  78. — V-SHAPED  INCISION  IN  WHARTON- 
JONES  OPERATION. 
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Fio.  79. — Y-SHAPED   WOUND   AT  COMPLOTOH 
OF  WHARTON-JONEB  OPEKATI 


short  distance  and  the  lower  parts  of  tin-  margins  of  the  2  flaps  arc  brought 
together  with  sutures  and  the  upper  part-  are  >e\ved  to  the  tlap  of  skin  whieh 
includes  the  cicatricial  tissue.  Tims  tin-  V  which  is  outlined  by  the  primary 
incisions  is  converted  into  a  Y.  To  keep  the  lid  in  a  position  of  overcorrec- 
tinu,  it  may  be  sewed  over  the  upper  lid 
and  kept  in  this  overlapping  position 
I'm-  a  few  days.  The  wound  sutures 
should  be  left  in  for  5  or  0  days. 

SKIN  GRAFTING  FOR  CICATRICIAL, 

ECTROPION.— Grafts  without  pedicles 
may  be  employed  successfully  in  cica- 
tricial ectropion  of  the  upper  lid.  After 
healing,  the  graft  is  sometimes  hardly 
apparent  when  the  eyes  are  open.  In 
the  lower  lid  the  cosmetic  effect  fol- 
lowing grafting  is  not  pleasing,  as 
the  grafted  flap  assumes  a  different 
color  from  that  of  the  surrounding 
skin  and  is  always  more  or  less  a  blem- 
ish. However,  it  may  be  wise  in  certain  cases  to  place  grafts  in  the  lower  lid 
in  order  to  protect  the  eyeball. 

INSTRUMENTS. — Horn  plate,  small  scalpel,  mouse-tooth  forceps,  plain  for- 
ceps, curved  scissors,  needle-holder  and  several  silk  sutures. 

OPERATION. — General  anesthesia  is  required.  The  area  which  is  to  re- 
ceive the  graft  is  prepared  by  dissecting  away  the  cicatricial  tissue  and  under- 
mining the  skin  until  the  eyelid  will  fall 
into  its  natural  position,  and  the  lid 
margins  are  sutured  together.  The 
graft  may  be  taken  from  the  inner  side 
of  the  thigh  or  arm.  It  should  be  %  to 
%  larger  than  the  exposed  area  in  the 
eyelid.  There  is  a  tendency  to  use  too 
thick  flaps  in  grafting  operations;  the 
flap  should  include  the  entire  thickness 
of  the  skin,  but  no  subcutaneous  tis-ue. 
No  special  technic  is  required  in  hand- 
ling the  graft.  It  is  laid  on  the  denuded 
area  of  the  lid  and  eiion-h  sutures  are 
introduced  to  hold  it  in  place  (Fig.  80). 
Vaselin  dressing  and  bandage  are  applied  and  kept  on  for  about  a  week,  when 
the  sutures  may  be  removed.  It  is  well  to  keep  the  eyelids  sewed  together  for 
several  weeks. 

Grafts  with  pedicles  are  sometimes  satisfactorily  employed  in  cicatricial 
ectropion.      The  accompanying  illustration   (Fig.   81)    indicates  a  procedure 


Fio.  80. — SKIN  GRAFT  WITHOUT  PEDICLE  FOR 
CICATRICIAL  CONTRACTION  OF  UPPER  LID. 
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in  which  the  graft  is  taken  from  the  temple  and  planted  on  the  upper  lid, 
leaving  a  good-sized  pedicle.  After  placing  the  graft  on  the  denuded  area  in 
the  evelid,  the  skin  from  the  temple  is  undermined  enough  to  allow  the  mar- 
gins to  be  brought  together  over  the  exposed  area  of  the  temple.  This  operation 


Fio.  81. — SKIN  GRAFT  WITH  PEDICLE  FOR 
CICATRICIAL  CONTRACTION  OF  UPPER  LID. 
Upper  lid  prepared  for  reception  of  flap 
outlined  on  the  temple. 


FIG.  82. — SKIN  GRAFT  WITH  PEDICLE. 
tion  completed. 


Opera- 


offers  nothing  over  a  graft  without  a  pedicle  from  the  arm  or  thigh,  and  a  scar 
remains  on  the  temple. 

ENTROPION 

Turning  in  of  the  eyelid  may  be  spasmodic  (spastic)  or  cicatricial.  In 
cntmpion  the  eyelashes  rub  against  the  cornea  and  thus  cause  considerable 
•  li-trrss  to  the  patient. 

Spastic  Entropion. — This  condition  is  more  common  in  the  aged  than  in 
the  young.  In  old  people  it  is  referred  to  sometimes  as  senile  entropion. 

This  type  of  entropion  results  from  spasm 
of  the  orbicularis  muscle,  usually  dependent 
upon  an  irritable  or  painful  condition  of  the 
eyeball.  It  is  not  uncommon  following  cat- 
aract extraction.  Strips  of  adhesive  plaster 
or  collodionized  cotton  or  gauze  may  be  ap- 
plied in  such  a  way  as  to  evert  the  lid.  Most 
often,  however,  these  means  are  unsatisfac- 
tory, as  an  overflow  of  tears  loosens  the  ad- 
hesive plaster  or  other  substance  which  has 
been  applied. 

GAILLARD  SUTUEES.  — Gaillard      sutures 
are  found  satisfactory  in  many  cases  of  spas- 
tic entropion.     No  anesthesia  is  necessary  for 
The  surgeon  needs  merely  2  double-armed  silk  sutures  and 
The  2  needles  on  the  suture  are  made  to  enter  the  skin  about 
apart  and  a  few  millimeters  from  the  border  of  the  lid  and  are  carried 
km  to  emerge  near  the  orbital  margin,  where  they  are  tied  over  a  roll 
use  or  a  bead  or  directly  over  the  skin  (Fig.  83).     The  2  double-armed 


Fio.  S3.— SUTURES  FOR  SPASTIC  ENTRO- 
PION. 
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sul ii res  arc  placed  at  points  about  equidistant  from  <-a<-h  other  and  the  ends 
of  the  eyelid.  The  sutures  may  be  allowed  to  remain  for  2  weeks  or  more  if 
no  infection  takes  place  arid  if  they  are  producing  no  discomfort. 

ZIEGLER  CAUTERY  PUNCTURE. — The  Ziegler  cautery  puncture  is  a  pro- 
cedure which  gives  sure  results  in  cases 
of  spastic  entropion  which  do  not  re- 
spond to  other  forms  of  treatment.  The 
eyelid  is  injected  with  cocain  solu- 
tion niitl  a  clamp  applied  to  hold  the 
lit  I  in  position  or  the  lid  may  be  held 
on  a  horn  plate.  A  series  of  punctures 
is  made  parallel  with  the  lid  margin 
and  2  or  3  mm.  from  it  with  the  elec- 
trocautery  (Fig.  84).  Each  puncture, 
should  be  carried  well  into  the  tarsus. 
After  this  operation  it  is  well  to  apply 
bichlorid  vaselin,  dressing  and  bandage 
to  remain  for  24 
hours. 

Cicatricial  En- 
tropion.— Cicatri- 
cial entropion  is 
most  often  due 
to  old  trachoma; 

that  is,  the  condition  develops  in  the  cicatricial  stage  of 
trachoma.  The  lid  margin  becomes  rounded  and  the  eye- 
lashes rub  against  the  eyeball  and  become  distorted. 
This  condition  is  often  referred  to  as  trichiasis.  Many 
operations  have  been  devised  for  correcting  this  condi- 
tion. One  of  the  most  effective  is  the  tarsal  resection 
described  on  page  68.  As.ide  from  the  tarsal  resection, 
which  is  rather  radical,  perhaps  none  is  more  satisfac- 
tory than  a  modification  of  Snellen's  operation. 

SNELLEN'S  OPERATION  (MODIFIED)  FOR  TRICHIASIS. 
— INSTRUMENTS. — Jaeger  or  Knapp  lid  clamp,  scalpel, 
mouse-tooth  forceps,  scissors,  needle-holder  and  3  or  4 
silk  sutures. 

ANESTHESIA. — Either  cocain  and  adrenalin  injection 
of  the  tissues  of  the  lid  or  general  anesthesia  may  be 
used. 

OPERATION. — First  secure  the  clamp  so  as  to  hold  the  lid  in  position  and 
to  control  hemorrhage.     Make  an  incision  about  2  or  3  mm.  from  the  lid  mar- 
gin through  the  skin  and  orbicularis  muscle.     This  incision  should  extend 
nearly  the  whole  length  of  the  lid.     Remove  a  strip  of  orbicularis  muscle  and 
6  B 


FIG.  84. — CAUTERY  PUNCTURE  FOR  ENTROPION. 


FIG.    85. — LID    CLAMP. 
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skin  wide  enough  to  expose  the  tarsus.  The  next  step  m  the  operation  is  to 
remove  a  wedge  of  tarsal  tissue  by  making  2  incisions  about  2  mm.  apart 
throughout  the  length  of  the  tarsus  and  slanting  toward  each  other  in  such  a 
way  as  to  meet  at  the  conjunctiva  lining  the  lid  but  not  to  pierce  it. 

'  Introduce  each  of  the  3  sutures  as  follows:  Pass  the  needle  through  the 
skin  and  orbicularis  muscle  near  the  margin  of  the  eyelid.  Then  enter  the 
tarsus  just  above  the  groove  which  has  been  made,  and  lastly  pass  the  needle 

through  the  orbicularis  and  skin  at  the 
upper  margin  of  the  tarsus.  By  tying 
these  3  sutures  tightly  the  tarsus  is 
everted  and  the  entropion  is  overcor- 
rected.  There  seems  to  be  no  danger  of 
permanent  overcorrection  from  this 
operation.  The  eye  is  kept  under  a 
dressing  and  bandage  for  a  few  days 
and  the  sutures  should  be  allowed  to 
remain  for  about  a  week. 

CANTHOPLASTY.— Canthoplasty  i  s 
an  operation  designed  to  lengthen  the 
palpebral  fissure  and  to  relax  the  eye- 
lids by  severing  the  external  canthal 
ligament. 

INSTRUMENTS. — Straight  scissors, 
small  curved  scissors,  mouse-tooth  for- 
ceps, needle-holder,  and  3  silk  sutures. 
OPERATION. — Cocain  and  adrenalin 
injection  gives  sufficient  anesthesia. 
The  eyelids  are  separated  slightly  and 
with  straight  scissors  an  incision  is 
made  through  the  entire  thickness  of  the  tissues  at  the  outer  canthus  in  a  hori- 
zontal direction.  The  length  of  this  incision  must  depend  upon  the  amount  of 
effect  desired.  •  It  is  wise  to  introduce  the  speculum  after  making  this  incision 
in  onlcr  to  expose  the  small  field  of  operation  and  to  control  the  hemorrhage. 
A  piece  of  the  external  canthal  ligament  should  be  dissected  out  with  forceps 
a  ml  scissors  in  order  to  make  the  effect  of  the  operation  permanent.  The  edges 
of  the  conjunctiva  and  skin  are  carefully  sewed  together  with  three  sutures. 
Vaselin  should  be  applied  to  the  wound  daily  until  healing  has  taken  place, 
and  the  eye  kept  under  a  dressing  for  a  few  days.  If  the  sutures  do  not  fall 
out  within  5  or  6  days  they  should  be  removed. 

TARSORBHAPHY. — This  is  an  operation  designed  to  shorten  the  palpebral 
ire.     It  is  performed  most  often  in   cases  of  facial  paralysis  with  in- 
ability to  close  the  eyelids,  and  rarely  in  Basedow's  disease.     The  most  satis- 
factory tarsorrhaphy  operation  is  that  of  Fuchs.     Cocain  and  adrenalin  anes- 
thesia is  employed. 


Fia.    86.— SNELLEN   OPERATION    (MODIFIED) 
SHOWING  SUTURE    READY   TO  BE   TIED. 
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INSTRUMENTS. — Horn  plate,  scalpel,  tooth  forceps,  scissors,  needle-holder, 
1  double-armed  silk  suture  ;m<l  2  or  3  single-armed  line  silk  sutu: 
Fuchs  describes  the  operation  as  foll<> 

"First,  the  extent  to  which  it  is  desired  to  join  the  lids  together  is  marked  out; 
then  to  the  same  extent  tin-  lower  lid  is  split  into  its  two  laminae  by  an  intcrmarginal 
incision.  From  the  inner  extremity  ot  the  section  a  short  inciHion  is  carried  down- 
ward through  the  skin,  thus  converting  tin-  anterior  lamina  of  the  bi-ected  iw>rtion 
of  the  lid  into  a  flap.  The  upper  and  inner  border-  <-f  this  llap  are  free,  while  tin- 
lower  and  outer  borders  are  connected  with  the  skin  of  the  lid.  The  follicle**  of  the 
cilia,  which  lie  exposed  along  the  posterior  honh-r  of  the  upper  end  of  the  flap,  are 
removed  by  a  scissors  applied  flatwise-  -this  being  done  so  that  the  cilia  may  after- 
ward fall  out.  Then  the  upper  lid  is  denuded  by  tir-t  making  the  intcrmargiii:il  sec- 
tion in  the  same  way  as  upon  the  lower  lid  and  then  ablating  the  bed  of  hair  follicles 
thus  detached.  There  is  thus  produced  a  raw  surface,  to  which  it  is  intended  that  the 
^kin  llap  of  the  lower  lid  shall  adhere  by  its  raw  Mirface.  In  order  that  adhe-ion  of 
the  raw  surfaces  themselves,  and  not  simply  of  their  edges,  shall  take  place,  the  suture 
is  applied  as  follows:  1'oth  ends  of  a  thread  armed  with  a  needle  at  each  end  are  car- 
ried through  the  upper  lid  near  its  free  border,  the  needles  being  passed  from  behind 
forward.  In  this  way  the  loop  of  the  thread  gets  to  lie  upon  the  conjunctiva!  side  of 
the  lid,  while  the  free  ends  come  out  upon  the  raw  anterior  surface.  These  ends  are 
then  passed  through  the  base  of  the  skin  flap  below  and  are  tied  upon  its  anterior 
aspect  over  a  glass  bead.  By  this  suture  the  base  of  the  flap  is  kept  pressed  against 
the  raw  surface  of  the  tarsus  of  the  upper  lid;  then,  as  an  additional  precaution,  the 
edges  of  the  skin  flap  are  accurately  united  to  the  edge  of  the  wound  in  the  upper  lid 
by  means  of  a  few  fine  sutures.  The  adhesion  of  the  lids  obtained  by  this  method  is 
firm  enough  to  withstand  even  a  powerful  strain." 

The  eye  should  be  kept  under  a  bandage  for  a  few  days  and  the  sutures 
should  be  allowed  to  remain  for  nearly  a  week. 

PTOSIS 

Ptosis  is  a  drooping  of  the  upper  eyelid.  It  may  be  congenital  or  acquired. 
Spontaneous  cure  does  not  occur  in  the  congenital  variety.  Acquired  ptosis 
is  usually  unilateral  and  most  often  results  from  either  trauinatism  or  syphilis. 
No  case  of  ptosis  should  be  operated  upon  until  it  has  been  determined  that 
restoration  of  the  function  of  the  levator  palpebne  cannot  be  accomplished 
through  medicinal  treatment.  A  large  number  of  operations  have  been  de- 
vised for  relief  of  this  condition  but  none  of  them  is  absolutely  satisfactory. 
Most  of  these  operations  depend  for  their  effect  upon  either  removal  of  tissue 
from  the  lid,  or  transference  of  the  function  of  the  paralyzed  levator  to  the 
occipitofrontalis  or  the  superior  rectus,  or  resection  or  advancement  of  the 
levator  palpebrrc  superioris.  If  the  ptosis  is  small  in  amount  (2  or  3  mm.), 
probably  the  best  results  can  be  obtained  through  resection  of  the  tarsus  (page 
US.  If  the  drooping  is  considerable  in  amount,  one  of  the  operations  de- 
pending upon  the  attachment  of  the  upper  lid  to  the  frontalis  tendon  will  be 
i'ound  moderately  satisfactory. 
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Tansley-Hunt  Operation  for  Ptosis.-One  of  the  most  satisfactory  operations 

for  I  5  a—  of  ptosis  is  the  Tansley-Hunt  modification  of  the  Panas 

operation!    With  this  procedure  the  upper  lid  is  attached  to  the  tissues  of 

th^  eyebrow  and  depends  for  its  elevation  upon  the  action  of  to ,  fronta  is 

,,,,,-i...     A  horizontal  incision  1/4  in.  (6  mm.)  in  length  is  made  at  the  orbital 

,,,-in  above.     Parallel  vertical  incisions  are  carried  down  nearly  to  the 

r,r'in  and  a  strip  of  skin  is  dissected  up.     Triangular  pieces  of  skin  are 

removed  from  each  side  of  the  strip  in  front  of  the  tarsus,  and  a  short  incision 


Fio.      87. — TANSLEY-HUNT     OPERATION 
FOR  PTOSIS. 


FIG.      88. — TANSLEY-HUNT      OPERATION 
FOR  PTOSIS.     Sutures  introduced. 


is  made  just  above  the  eyebrow,  and  the  skin  is  undermined  down  to  the  hori- 
zontal incision  at  the  orbital  margin.  (Fig.  87).  A  narrow  strip  of  skin  is 
then  drawn  through  the  tunnel  just  made  and  sutured.  Enough  silk  sutures 
are  introduced  to  bring  the  skin  flaps  into  apposition  (Fig.  88).  It  is  well 
to  scrape  the  epithelial  surface  of  the  skin  flap  before  drawing  it  under  the 
eyehrow.  This  insures  good  union.  In  most  cases  of  ptosis  the  occipitofron- 
talis  is  over-developed,  and  reasonably  good  action  of  the  eyelid  is  obtained  by 
making  use  of  this  muscle. 

Kesection  of  the  Tarsus — INSTRUMENTS. — Ehrhardt  lid  forceps,  mouse- 
tnntli  forceps,  scalpel,  fine  curved  dissecting  scissors,  needle-holder,  and  3 
double-armed  silk  sutures.  In  place  of  the  Ehrhardt  forceps  the  operation 
may  l.e  performed  less  conveniently  by  using  a  horn  or  rubber  plate  and 

fnrrep-;. 

A \KSTI IKS i A. — Injection  of  cocain  and  adrenalin  into  the  tissues  of  the 
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lid  is  satisfactory  except  in  cases  in  which  the  eye  is  in  a  painful  or  irritable 
condition.  In  order  to  make  the  operation  painless,  it  is  necessary  to  inject 
i  In  --.I ul ion  into  the  tarsus  itself  as  well  as  into  the  soft  tissues  of  the  lid.  This 
<-;ui  lie  accomplished  by  entering  the  tarsus  with  the  hypodermic  needle 
thmiiiih  the  conjunctival  surface  as  well  as  through  the  skin.  It'  general  anes- 
thesia is  employed,  adrenalin  solution  should  be  injected  to  control  the  hem- 
orrhage. 

OPERATION. — Apply  the  forceps  to  the  upper  lid  with  the  plate  in  contact 
with  the  skin  and  the  serrated  edge  in 
contact  with  the  conjunctiva  about  2 
mm.  from  the  margin,  and  evert  the  lid. 
Make  an  incision  through  the  conjunc- 
tiva and  tarsus  2  to  3  mm.  from  the 
border  of  the  lid  throughout  the  entire 
length  of  the  tarsus  (Fig.  89).  In  do- 
ing this,  it  is  important  that  the  in- 
cision should  not  be  carried  into  the 
orbicularis  muscle  as  a  brisk  hemor- 
rhage is  liable  to  result .  from  cutting 
the  arteries  that  lie  in  this  tissue.  If 
the  incision  is  carried  through  the  tar- 
sus and  no  further,  very  little  bleeding 
will  occur  throughout  the  operation. 

Now  divide  the  loose  tissue  between 
the  orbicularis  and  tarsus  and  cut  the 
tarsus  with  its  conjunctival  lining  free 
at  its  curved  upper  margin.  If  the 
operation  is  being  performed  for  a 
ptosis  of  slight  amount,  it  may  be  wise 
to  leave  a  strip  of  the  upper  part  of  the 
tarsal  cartilage. 

While  the  lid  is  still  everted,  introduce  1  of  the  2  needles  in  each  double- 
armed  suture  into  the  edge  of  the  conjunctiva  and  tendon  of  the  levator  palpe- 
bne  superioris  and  place  the  needles  carefully  on  a  sterile  towel  on  the  face. 
One  of  these  sutures  should  be  in  the  middle  and  the  other  2  equidistant  from 
the  middle  and  ends  of  the  wound.  Care  should  be  taken  not  to  allow  these 
sutures  to  become  crossed  or  twisted  (Fig.  90). 

Next  remove  the  lid  forceps  and  allow  the  eyelid  to  assume  its  normal 
position.  Carry  the  upper  needle  on  each  suture  through  the  orbicularis  and 
skin  of  the  eyelid  just  above  the  tarsal  rim  at  the  margin  of  the  eyelid  and 
the  lower  needle  through  the  entire  thickness  of  the  lid,  including  the  con- 
junctiva and  tarsus  just  below  the  cut  edge  of  the  tarsal  rim.  This  will  bring 
the  edge  of  the  conjunctiva  and  levator  tendon  down  to  the  cut  edge  of  the 
marginal  rim  without  causing  overlapping  and  the  sutures  will  cause  no  irri- 


Fio.  89. — RESECTION  OF  THE  TARSUS  OP 
UPPER  LID  OF  LEFT  EYE.  Lid  is  held  in 
eversion  with  Ehrhardt  forceps.  Incision 
through  conjunctiva  and  tarsus  has  been 
made. 
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tt  to  the  eyeball.  The  sutures  should  be  tied  over  a  roll  of  gauze  which 
lies  on  L  skin  of  the  lid  (Fig.  92).  A  dressing  may  be  kept  on  for  2  or  3 
days  and  the  sutures  may  be  removed  the  sixth  day. 


Fio.  90. — RESECTION  OF  TARSUS,  SHOWING  SUTURES  IN  CONJUNCTIVAL,  MARGIN  AFTER  REMOVAL 

OF  TARSUS. 

In  old  trachoma  cases  this  operation  will  usually  correct  the  accompanying 
trichia>is  ;m<l  ptnsis  as  well  as  remove  the  trachomatous  tissue. 


SYMBLEPHARON 


By  the  term  symblepharon  is  meant  a  condition  in  which  the  conjunctival 
surfaces  of  the  eyelid  and  eyeball  become  firmly  adherent  to  each  other.  The 
lower  lid  adheres  to  the  globe  more  commonly  than  the  upper.  Symblepharon 
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results  usually  from  burns  by  acids,  caustics  or  hot  metal,  or  from  traumatism. 

The  |M.siii..u  and  extent  of  the  adlioi..,,.  determine  tin-  nature  nf  the  operation. 
If  the  adhesion  is  small  and  near  the  lid  mar-in,  severing  it  and  <-l-\ii>r  the 
conjunct  ivjil  wound  of  the  -I,, he  with  line  silk  ratal*!  may  snr  ,,int- 

ing  with  vaselin  should  be  kej.t  up  fof  seven!  days  tn  prevent  reattaehment  ,,F 
lid  and  eyeball. 

May-Hotz  Operation.— Th is  is  a  skin  grafting  operation  for  the  more  severe 
cases  of  symblepharon.  The  eyelid  is  cut  free  from  the  -l"he  with  -  issoro, 
and  the  cicatricial  tissue  is  removed.  A  plate  of  lead  or  other  mat.  rial  is  cut 


FIG.  91. — RESECTION  OF  TARSUS.     Sutures 
have  been  carried  through  the  lid. 


Fia.  92. — RESECTION  OF  TARSUS.     Sutures  tied 
over  roll  of  iodoforni  gun 


and  shaped  to  fit  and  an  aperture  is  made  for  the  cornea.  The  plate  may  be 
covered  with  paraffin  if  the  surgeon  chooses.  Thiersch  grafts  are  taken  from 
the  inner  side  of  the  arm  and  placed  over  the  edge  of  the  plate  with  the  raw 
surface  outward,  in  such  a  way  that  the  denuded  area  on  the  lid  and  eyeball 
will  be  entirely  covered  with  skin.  With  the  grafts  cl miring  to  it,  the  plate  is 
put  in  position  inside  the  eyelids.  Sutures  are  introduced  to  hold  the  lid 
margins  together  for  a  few  days.  The  plate  may  be  removed  in  ."•  days.  It  is 
well  to  keep  the  eye  under  dressing  and  bandage  for  a  week.  Permanent  cure 
of  symblepharon  should  result,  but  sometimes  a  part  of  the  grafted  skin  on 
the  eyeball  shows  and  the  cosmetic  effect  is  not  pleasing. 


RESTORATION    OF    THE    CUL-DE-SAC 

Weeks  describes  this  operation  as  follows : 

<cFor  restoring  the  culs-de-sac  in  case  of  their  obliteration  (contraction  of  the 
orbit),  with  absence  of  the  globe,  the  so-called  Wolff  graft  has  been  very  successful 
in  the  author's  hands.  The  surface  from  which  the  graft  is  to  be  taken  should  supply 
a  suitable  quality  of  skin.  This  cnn  be  obtained  from  the  inner  surface  of  the  arm, 
forearm,  or  inner  surface  of  the  thigh.  The  surface  should  be  prepared  some  hours 
before,  so  as  not  to  lose  time  during  the  operation. 
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"Prenarine  for  Reception  of  Flap.-To  obtain  sufficient  room  to  operate  readily, 

the  outer  canthus  may  be  extended  to  the  margin  of  the  orbit  by  a  free  canthotomy; 

not  necessary  in  all  cases.    The  lid  should  be  dissected  from  the  orbital  tissue, 

i,,,.!,,,,!,,,  will,  it  only  the  tarsus  and  orbicularis  palpebrarum  muscle     If  much  tissue 

8  dissected  away  with  the  lid,  the  result  will  be  a  lid  that  is  too  thick     Should  there 

te  considerable  conjunctiva,  the  incision  through  it  should  be  so  made  that  the  greater 

part  of  the  conjunctiva  will  serve 
to  cover  the  orbital  stump.  It  is 
better  to  leave  but  a  very  narrow 
strip  of  conjunctiva  attached  to  the 
margin  of  the  lid.  The-  lid  is  de- 
tached until  the  groove  between  lid 
and  orbital  tissue  extends  to  the  tis- 
sue immediately  above  the  perios- 
teum at  the  margin  of  the  orbit. 
The  groove  should  extend  from  the 
inner  canthus  to  the  outer  com- 
missure, connecting  with  the  in- 
cision which  has  been  made  to  pro- 
long the  palpebral  fissure.  Cicatri- 
cial  tissue  may  require  removal  but 
is  usually  not  sufficient  in  quantity. 
"After  completing  the  groove, 
the  plate  to  be  employed  should  be 
fitted.  The  plate  may  be  con- 
veniently made  of  the  flexible  rub- 
ber used  by  dentists,  termed  'base- 
plate gutta-percha/  By  dipping  in 
hot  water,  the  piece  to  be  used  may 
be  made  to  assume  the  desired 
shape,  and  if  while  the  shape  is 
maintained  the  rubber  is  dipped  in 


Fio.  93. — RESTORATION  OF  LOWER  CUL-DE-SAC.  Cross 
section,  showing  flap  in  position,  sutured  to  lid, 
periosteum  at  orbital  margin,  and  to  orbital  tissue. 
(After  Weeks.) 


cold  water,  the  shape  will  be  fixed. 
The  rubber  may  be  cut  any  size  by 
means  of  scissors,  and  the  edge 
made  perfectly  smooth  by  treating 

it  with  a  hot  strabismus  hook  or  similar  instrument,  having  first  applied  some  vaselin 
or  oil  to  the  edge  to  be  so  treated.  The  shell  should  be  made  sufficiently  large  to 
completely  fill  the  pocket.  If  there  is  no  pocket  in  the  upper  lid  in  which  the  upper 
edge  of  the  shell  can  be  lodged  until  the  time  for  making  an  upper  cul-de-sac  arrives, 
a  shallow  groove  may  be  cut  in  the  tissues  immediately  back  of  the  margin  of  the 
upper  lid. 

"In  preparing  the  upper  cul-de-sac  the  dissection  should  correspond  with  the  dis- 
n  for  the  lower  cul-de-sac,  except  that  before  reaching  the  periosteum  the  tendon 
of  the  Irvsitnr  piilpcbre  superioris  must  be  cut  across. 

"After  hiiving  completed  the  groove,  it  is  packed  with  pledgets  of  absorbent  cotton 
1  with  normal  saline  solution,  and  the  lids  are  covered  with  a  pad  dipped  in 
the  saline  solution. 

"The  Flap.  —  The  flap  should  have  an  area  about  one-half  larger  than  the  surface 
to  bo  covert  «1  as  it  is  marked  out  on  the  surface  from  which  it  is  to  be  removed.  The 
size  of  the  fliip  may  be  measured,  and  its  boundaries  indicated  by  pricks  made  with  a 
ue.  '.He  or  with  the  point  of  a  Graefe  knife.  The  punctures  bleed  slightly,  plainly  indi- 
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eating  the  boundary.    With  a  very  sharp,  small  scalpel,  or  a  cataract  knife,  an  incision 

barely  through  tin-  skin,  which  is  rendered  -lightly  ten--  !y  an  assistant,  • 
around  the  entire  flap.  The  edge  of  tin-  knife  is  now  directed  toward  the  center  of  the 
flap  and  the  margin  of  the  flap  throughout  its  entire  extent  is  undermined  for  a  dis- 
tance of  two  or  three  millimeters.  The  subcut  .-hided  in  the  flap. 
The  edge  of  the  flap  is  seized  with  broad  fixation  forceps  and  by  means  of  a  small, 
very  sharp  knife  (Beers,  Graefe  knife,  or  ><-:,l|,,l),  the  ^kin  is  separated  fr«.m  the 
underlying  areolar  connective  tissue.  As  soon  as  tin-  flap  is  dissected  away  sufficiently 
it  is  seized  between  the  thumb  and  forefinger  and  the  dissection  is  continued,  cutting 
at  the  junction  of  skin  and  subcutaneous  tissue,  which  can  now  be  quite  distinctly 
seen.  The  flap  is  detached  as  quickly  as  possible.  After  removal  the  flap  is  folded  so 
that  the  epithelial  surfaces  are  in  apposition.  Three  double-armed  sutures  are  passed 
through  the  flap  at  the  bottom  of  the  groove  formed  between  the  two  layers  of  the 
flap,  the  needles  of  one  suture  bring  so  passed  that  a  loop  two  millimeters  in  length 
falls  on  the  cutaneous  surface  at  the  center  of  the  flap,  and  one  about  ten  millimeters 
each  side  of  the  center  of  the  flap. 

"Adjustment  of  Flap. — The  flap  contained  in  the  moistened  gauze  is  placed  dn 
the  brow  near  the  wound  if  the  lower  lid  is  being  operated  upon  (on  the  cheek  if  the 
upper  lid  is  being  operated  upon),  and  the  double  sutures  (which  have  been  made  suffi- 
ciently long)  are  passed  through  the  tissue  at  the  apex  of  the  groove  through  the 
periosteal  tissue  at  the  margin  of  the  orbit,  and  are  made  to  emerge  on  the  skin  of  the 
cheek  just  below  the  margin  of  the  orbit,  the  position  of  the  sutures  corresponding  to 
their  position  in  the  flap.  The  threads  of  each  suture  are  passed  parallel  to  each  other. 
After  the  needles  of  all  the  sutures  have  been  passed,  traction  is  made  on  all  of  the 
sutures  uniformly,  and  the  flap,  freed  from  the  gauze  which  contained  it,  is  drawn  into 
position  in  the  groove.  The  sutures  are  now  tied  over  small  rolls  of  iodoform  gauze 
placed  on  the  skin  of  the  cheek  (or  brow).  The  traction  made  is  just  sufficient  to 
hold  the  flap  firmly  in  contact  with  the  tissues  at  the  bottom  of  the  groove.  The  mar- 
gins of  the  flap  are  now  attached  by  small  interrupted  sutures  to  the  margin  of  the 
lid  and  the  margin  of  the  mucous  membrane  or  other  tissue  of  the  orbital  stump,  so  as 
to  completely  cover  the  denuded  area.  If  much  excess  of  flap  is  present,  it  should  be 
trimmed  off,  but  the  flap  should  be  sufficiently  large  to  prevent  traction  at  any  point. 

"Insertion  of  Plate. — After  having  secured  the  flap,  the  plate  must  be  placed  in 
the  cul-de-sac  and  there  maintained  until  the  cul-de-sac  is  ready  for  the  reception  of 
the  artificial  eye.  Before  insertion  the  plate  should  be  thoroughly  sterilized  by  wash- 
ing and  treating  with  alcohol  and  bichlorid  solution.  A  lubricant  in  the  form  of 
bichlorid  vaselin  (1:5,000)  is  applied  to  the  plate  before  it  is  slipped  into  position. 
The  plate  should  not  be  large  enough  to  exert  great  pressure  on  the  flap  at  the  base 
of  the  cul-de-sac,  but  it  should  fit  snugly. 

"Subsequent  Treatment — The  lids  are  now  properly  adjusted  and  are  covered  with 
a  small  piece  of  rubber  tissue  which  may  be  smeared  with  the  vaselin.  The  piece  of 
rubber  tissue  should  be  notched  at  the  sides  so  that  any  secretion  that  may  form  can 
escape  from  the  wound  into  the  dressings,  at  the  inner  and  outer  canthi.  Iodoform 
gauze,  plain  absorbent  gauze,  and  absorbent  cotton  are  placed  above  the  rubber  tissue 
and  a  bandage  applied.  Unless  unfavorable  symptoms  arise  the  bandage  is  not  dis- 
turbed for  three  or  four  days.  The  eye  is  then  inspected  and  if  there  is  no  evidence 
of  infection  a  similar  bandage  is  applied  and  is  not  disturbed  for  three  days.  The 
flap  can  then  be  inspected.  If  everything  goes  well,  it  is  best  to  permit  the  plate  to 
remain  for  ten  days  or  two  weeks  before  removing  it.  If  there  should  be  evidence  of 
inflammation,  it  may  be  necessary  to  remove  the  plate  to  cleanse  the  parts,  after  which 
the  plate  should  be  again  inserted. 

"The  periosteal  sutures  should  be  permitted  to  remain  in  place  until  they  become 
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Fio.  94. — CHARACTERISTIC  WOUND  OF  LOWER 
LID  OF  LEFT  EYE. 


somewhat  loosened— usually  from  six  to  ten  days.  The  stitches  that  unite  the  flap 
to  the  tissues  of  the  lid  and  orbit  may  be  removed  at  the  end  of  a  week  or  on  first 
removal  of  the  plate. 

"As  the  healing  process  advances,  some  shrinkage  of  the  flap  occurs,  necessitating 

a  slight  reduction  in  the  size  of  the  plate. 
Shrinkage  usually  begins  from  ten  days  to 
two  weeks  after  the  operation,  and  con- 
tinues, ordinarily,  for  about  three  months. 
It  is  necessary  to  keep  the  plate  or  an  artifi- 
cial eye  in  situ  until  the  shrinkage  has 
ceased,  removing  the  plate  or  shell  every  four 
to  seven  days  for  the  purpose  of  cleansing. 
An  artificial  eye  can  ordinarily  be  worn 
three  weeks  after  the  operation.  The  flap 
does  not  become  modified  greatly  in  charac- 
ter by  its  retention  in  the  orbit,  but  the 
functions  of  the  skin  are  preserved  to  some 
extent,  and  in  many  cases  an  abnormal 
growth  of  hair  takes  place.  In  rare  cases  an 
odor  develops,  apparently  due  to  the  growth 
of  some  species  of  micro-organism.  This 

can  be  corrected  by  treating  the  parts  with  a  solution  of  the  chlorate  of  potash,  or  60 
per  cent,  alcohol  in  which  mercuric  chlorid  in  a  strength  of  1  to  2,000  has  been 
dissolved." 

INJURIES    TO    THE    EYELIDS 

The  tissues  of  the  eyelid  usually  heal  readily,  and  fortunately  there  is  lit- 
tle tendency  toward  spread  of  infection,  even  if  a  wound  of  the  lid  shows 
purulent  discharge. 

Superficial  wounds  of  the  lids  usually  need  nothing  more  than  cleansing 
and  coaptation  with  skin  sutures.  If  a 
wound  extends  through  the  entire  thick- 
ness of  the  eyelid,  very  careful  adjust- 
ment is  necessary,  or  deformity  may  re- 
sult. This  may  be  of  more  than  cosmetic 
importance  as  resultant  exposure  of  the 
<-<>nie;i  illicit  lead  to  impairment  of 
vision  or  to  the  loss  of  the  eye  through 
ulccration.  Tears  or  cuts  through  all  the 
layers  of  the  eyelid  call  for  careful  sutur- 
ing of  the  conjunctiva  as  well  as  the  lid 
margin  and  skin.  A  rather  common  and 
a  very  important  tear  is  one  which  starts 
near  the  inner  canthus  in  the  lower  lid 
and  passes  through  the  canaliculus,  and 
fallows  the  direction  of  the  orbicularis 
til-rs  near  the  margin  of  the  orbit.  There  is  a  strong  tendency  for  the  flap  that 
torn  loose  to  heal  in  a  position  too  low  and  not  close  enough  to  the 


FIG.  95. — CHARACTERISTIC  WOUND  OF  LOWER 
LID.  Sutures  introduced  to  hold  temporal 
flap  in  position  of  over-correction. 
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eveball,  so  that  an  ectropion  results,  with  inability  to  close  the  lids  properly. 
In  adjusting  sm-h  a  wound  it  is  important  that  the  angle  of  the  flap  be  carried 
upward  and  backward  to  a  point  of  overcom-ct i«m.  To  accomplish  this,  after 
suturing  the  conjunctiva  with  fine  silk,  introduce  heavier  silk  sutures  (No.  5) 
thruuiih  the  skin  in  a  diagonal  direction  as  shown  in  the  accompanying  illustra- 
tion (  Fig.  !);">),  and  apply  a  gauze  dressing  with  pressure  bandage.  The  sutures 
should  be  allowed  to  remain  for  0  or  7  days. 

A  similar  wound  occurs  less  often  in  the  upper  lid,  and  the  flap  should  be 
handled  in  a  corresponding  manner. 

Foreign  bodies  sometimes  lodge  in  the  eyelid.  Usually  it  is  easy  to  locate 
them  with  the  fingers,  so  the  X-ray  does  not  have  to  be  used.  The  simplest 
way  to  extract  them  is  to  cut  down  on  them  through  the  skin,  and  remove  them 
with  forceps  and  scissors.  Even  in  the  case  of  magnetic  foreign  bodies  such 
as  iron  or  steel,  the  electromagnet  usually  offers  no  advantage  in  their  ex- 
traction. 

OPERATIONS  ON  THE  LACRIMAL  APPARATUS 

SURGICAL    ANATOMY    OF    THE    LACRIMAL    APPARATUS 

The  lacrimal  gland  has  two  portions :  a  main  or  orbital  lobe,  and  an  acces- 
sory or  palpebral  portion.  The  orbital  portion  of  the  gland  lies  in  contact 
with  the  periosteum  in  the  lacrimal  fossa,  a  shallow  depression  just  behind  the 
margin  of  the  orbit  where  the  roof  and  outer  wall  meet.  Several  small  ducts 
carry  the  lacrimal  secretion  (tears)  to  the  conjunctiva  where  it  folds  over  from 
the  eyeball  to  the  eyelid  in  the  outer,  upper  part.  Surrounding  these  ducts 
is  the  palpebral  or  accessory  lobe  of  the  gland.  The  lacrimal  secretion  moistens 
the  eyeball  and  is  carried  down  into  the  inferior  meatus  of  the  nose  through 
the  canaliculi,  lacrimal  sac  and  nasal  duct,  when  this  drainage  apparatus  is  in 
normal  condition. 

There  are  2  canaliculi,  one  in  the  upper  lid  and  one  in  the  lower.  Each 
canaliculus  has  a  minute  opening  in  the  lid  margin  about  5  mm.  from  the 
inner  cantlius,  which  lies  in  contact  with  the  conjunctiva  of  the  eyeball.  The 
course  of  the  canaliculi  is  important.  The  lower  passes  downward  from  the 
punctum  a  distance  of  1  to  2  mm.,  and  the  upper  passes  upward  the  same 
distance,  and  then  the  two  converge  to  join  at  the  lacrimal  sac,  near  its  upper 
end,  behind  the  canthal  ligament,  which  is  really  the  tendon  of  insertion  of  the 
orbicularis  muscle. 

The  lacrimal  sac  is  the  dilated  upper  end  of  the  nasal  duct  which  lies  in 
the  lacrimal  groove.  The  upper  end  of  the  sac  is  called  the  dome,  and  the  lower 
end  the  neck.  The  nasal  duct  is  about  18  mm.  (%  in.)  long,  and  takes  a 
direction  downward,  and  slightly  backward  and  outward  to  its  valve-like  open- 
ing in  the  nose.  The  lacrimal  sac  lies  in  the  hicrnnal  groove,  the  anterior 
part  of  which  is  formed  by  a  portion  of  the  firm  superior  maxillary  bone,  and 
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the  posterior  part  by  the  lacrimal  bone,  which  is  of  a  thin  and  very  delicate 
>truc'ture.  The  groove  is  limited  in  front  by  the  anterior  crest,  which  is  the 
continuation  of  the  orbital  margin,  and  behind  by  the  posterior  crest,  a  less 


FIG.  96. — PUNCTUM  DILATOR. 


FIG.  97. — BOWMAN  PROBE. 

prominent  ridge  in  the  lacrimal  bone.  To  the  nasal  side  of  the  sac  wall  is  peri- 
osteum, which  lines  the  groove,  and  to  the  temporal  side  and  in  front  is  deep 
fascia,  which  is  attached  to  the  anterior  crest  in  front,  and  to  the  posterior  crest 
of  the  groove  behind. 

The  tissues  in  front  of  the  lacrimal  sac  are  skin,  superficial  fascia,  or- 
bicularis  muscle,  canthal  ligament,  and  deep  fascia.  The  angular  artery  passes 
in  :i  vertical  direction  a  few  millimeters  in  front  of  the  sac,  and  the  angular 
vein  accompanies  it.  If  these  vessels  are  cut  a  brisk  hemorrhage  results.  The 
dissections  for  removal  of  the  sac  should  all  be  posterior  to  them. 

PROBING 

When  there  is  stricture  of  the  canaliculus  or  nasal  duct,  an  attempt  is 
sometimes  made  to  dilate  with  probes.  Lacrimal  probing  is  unpleasant  for 
the  patient,  often  difficult  to  perform,  and  usually  unsatisfactory  in  results. 


FIG.  98.— WEIDLER'S  PROBES. 

in  the  course  of  a  chronic  dacryocystitis,  in  conjunction  with  irrigation, 

'   probing  sometimes  is  beneficial.      In  congenital   stoppage  of  the 

iliw  or  duct,  the  single  passage  of  a  small  probe  is  usually  all  that  is 

Bowman's  silver  probes  (Fig.  97)  are  satisfactory,  but  somewhat 
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FIG.  99. — LACRIMAL  PROBE  IN  LOWER  CANALICOLOS. 

awkward  to  handle.     Weidler,  of  New  York,  has  recently  introduced  a  set  of 
probes  (Fig.  98)  with  a  handle  which  is  easy  to  hold  and  manipulate. 

To  pass  the  probe  have  the  patient  in  either  the  lying  or  sitting  posture,  and 
stand  behind  the  patient's  head.  With  the  thumb  of  one  hand  manipulate  the 
lower  lid,  and  with  the  other  hand  pass  the  probe,  carefully  following  the 


FIQ.  100. — LACRIMAL  PROBE  IN   NASAL  DUCT. 


course  of  the  lacrimal  passage.  Probing  is  usually  performed  through  the 
lower  canaliculus.  With  the  punctum  slightly  everted  by  the  thumb,  the  probe 
is  carried  iu  a  vertical  direction  1  or  2  mm.;  then  the  lower  lid  is  put  well  on 
the  stretch  in  an  outward  direction,  and  the  probe  is  cautiously  carried  into 
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the  lacrimal  sac  in  a  direction  inward  and  slightly  upward — almost  horizontal. 
If  the  end  of  the  probe  is  resting  against  the  mucous  membrane  lining  the 
nasal  wall  of  the  sac,  as  it  should,  there  is  no  tendency  for  it  to  spring  back ; 
it  feels  firm.  Now,  if  the  surgeon  wishes  to  pass  the  probe  through  the  nasal 
duet  he  releases  his  hold  on  the  eyelid  and  swings  the  probe  into  a  nearly 
vertical  position,  and  carefully  pushes  it  down  into  the  nose. 

IRRIGATION 

For  irrigating  the  lacrimal  passage  an  Anel  syringe  or  some  other  good 
lacrimal  syringe  and  a  mild  antiseptic  and  astringent  solution  should  be  used. 
Solutions  containing  silver  or  lead  should  not  be  employed, 
as  disfigurement  from  staining  of  the  tissues  may   result. 
Several  cases  of  argyrosis  of  the  tissues  of  the  eyelids  have 
i>2  HI  been  reported  from  escape  of  argyrol  into  the  tissues,  result- 

ing from  attempts  to  medicate  the  lacrimal  passage.  The 
syringe  should  be  used  very  gently,  with  no  attempts  to  force 
the  solution. 

SLITTING    THE    CANALICULUS    AND    LACRIMAL    DUCT 

This  operation  is  performed  less  frequently  than  for- 
merly to  cut  strictures  of  the  duct,  as  the  benefit  derived 
from   it   is   only   temporary.      Sometimes 
an    acute    dacryocystitis    can    be    aborted 
^siwN^?"1         by   opening   up   the   nasal    duct    by   this 
operation.     It  may  be  done  under  either 
local  or  general  anesthesia;  gas  is  satisfactory  for  adults. 
If  local   anesthesia   is  used  cocain  and  adrenalin   solution 
should  be  injected  into  the  sac  after  dilatation  of  the  can- 
aliculus.      The  probe  pointed  knife   of  Agnew   or   Weber 
should  be  used. 

The  lower  lid  is  everted  and  the  knife  enters  the  punctum 
in  a  vertical  direction.     The  lid  is  stretched  away  from    the 
t«  n.ln  nculi  and  held  in  a  position  of  slight  eversion,  while 
the  probe  point  of  the  knife  is  carried  into  the  sac  with  the 
rutting  edge  directed  upward  and  backward  so  that  the  in- 
•n  will  cnn.e  in  contact  with  the  conjunctiva  of  the  globe 
"  h,n  the-  lid  is  released.    Make  sure  that  the  end  of  the  knife      FIG.  i02.-AGNEW's 
in  contact  with  the  interior  of  the  nasal  wall  of  the  sac         CANALICULUS 
bv  mnvimr  the  knife  toward  the  nose  and  away  from  it  very 

y  and  very  gently.     If  the  tissues  at  the  inner  canthus  do  not  move  with 

nfe  in  this  slight  movement  it  has  entered  the  sac.     After  assuring  him- 

;hat  the  probe  point  of  the  knife  is  inside  the  sac  wall  the  surgeon  raises 
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the  handle  of  the  instrument  until  the  hlade  is  made  to  assume  a  vertical  posi- 
tion. The  knife  is  then  carried  through  the  duct  with  the  cuttin-  edge 
directed  forward.  Incisions  can  he  made  in  other  directions  hv  iiniiiiiir  tint 
handle  of  tin-  knife  and  can-Yin-  the  knife  up  and  down  in  the  dud.  Then  the 
knife  is  withdrawn  and  a  Bowman  probe,  No.  8  or  10,  is  passed  into  the  duct 
and  allowed  to  remain  then-  tor  a  lew  minutes.  After  removing  the  probe 
the  sac  and  duct  may  be  irrigated  with  a  lacrimal  syringe  containing  boric 
acid  solution. 

EXTIBPATION    OF    THE    LACEIMAL    SAC 

INDICATIONS.— This  operation  is  for  cases  of  chronic  dacryocystitis  which 
do  not  yield  to  the  less  radical  procedure  of  probing  and  irrigating.  It  should 
he  done  in  all  cases  of  diseased  lacrimal  sac  in  which  an  intra-ocular  operation 
is  to  be  performed  on  the  corresponding  eye,  in  cases  of  lacrimal  fistula  which 
refuse  to  heal,  those  in  which  the  sac  wall  has  become  de- 
cidedly dilated  or  thickened,  and  in  malignant  diseases  of  the 
sac.  The  results  from  this  operation  are  eminently  satisfac- 
tory. The  cause  of  the  pus  formation  is  entirely  removed 
and  the  epiphora  is  reduced. 

INSTRUMENTS. — A  hypodermic  syringe,  small  scalpel, 
mouse-tooth  forceps,  splinter  forceps,  small  curved  scissors, 
Miiller's  speculum,  No.  8  Bowman  probe,  small  curet,  needle- 
holder  and  silk  sutures.  FIQ.  103.—  M 

INJECTION.— If  the  operation  has  to  be  done  under  gen-  SAc'8SpE^£!AL 
eral  anesthesia  a  solution  of  adrenalin  1 :4,000  may  be  used 
to  control  the  hemorrhage.  The  operation  may  be  performed  under  local  anes- 
thesia almost  without  pain.  A  reliable  solution  for  injection  is  made  up  of 
cocain  4  per  cent,  one  part,  adrenalin  1:1,000  one  part  and  distilled  water  two 
parts. 

Superficial  injection  is  made  under  the  skin  along  the  anterior  crest  of 
the  lacrimal  groove.  The  deep  injection  into  the  tissues  is  made  by  entering 
the  hypodermic  needle  4  mm.  above  the  inner  canthus  and  carrying  the  point 
of  the  needle  straight  back  to  the  tissues  above  the  dome  of  the  sac.  The  dis- 
tance which  the  point  of  the  needle  should  penetrate  must  be  ir<>verned  by 
the  character  of  the  tissues  about  the  sac.  In  an  emaciated  subject  with 
no  inflammatory  thickening,  the  dome  of  the  sac  is  very  near  the  skin. 
In  a  well  nourished  individual  with  thickening  of  the  tissues,  due  to 
dacryocystitis,  the  distance  from  the  skin  to  the  dome  of  the  sac  may  be 
2  or  3  times  as  great  as  in  an  emaciated  patient.  On  an  average,  the 
needle  point  should  penetrate  about  14  in.  (6  mm.).  The  needle  is  now 
made  to  enter  the  neck  of  the  lacrimal  sac  by  piercing  the  skin  at  the 
junction  of  the  lower  orbital  margin  and  the  anterior  crest  of  the  lacrimal 
bone  and  carrying  the  needle  in  a  direction  downward,  backward,  and 
inward.  As  the  solution  from  the  syringe  is  pressed  into  the  sac  it  usually 


Fio.  104. — EXTIRPATION  OF  LEFT  LACRIMAL  SAC. 
Primary  incision. 
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displaces  whatever  secretion  may  be  within  the  sac  cavity,   and  this  secre- 
tion   together   with    cocain    and    adrenalin    solution    is    forced    through    the 

canaliculus.  The  solution  within 
the  lacrimal  sac  anesthetizes  and 
blanches  the  canaliculi,  the  mouth  of 
the  nasal  duct,  the  sac  wall  and  all  of 
the  tissues  surrounding  it,  and  fur- 
ther deep  injection  is  unnecessary. 
The  operation  may  be  started  imme- 
diately on  completion  of  the  cocain 
and  adrenalin  injection. 

PEIMAKY  INCISION.  -This 
should  start  3  mm.  above  the  canthal 
ligament  (tendo  oculi)  and  3  mm.  to 
the  nasal  side  of  the  inner  canthus 
and  should  be  carried  down  along  the 
anterior  crest  of  the  lacrimal  groove 
to  the  mouth  of  the  duct  (along  the 
whole  length  of  the  anterior  crest  of  the  lacrimal  groove,  Fig.  104) . 

DISSECTION. — The  skin  is  dissected  with  the  tooth  forceps  and  scissors 
away  from  the  canthal  ligament, 
where  it  is  quite  adherent,  and 
from  the  orbicular  is  muscle  above 
and  below  the  ligament,  enough  so 
that  the  speculum  of  Miiller  may  be 
introduced.  It  is  well  to  adjust  the 
upper  teeth  of  the  speculum  first 
and  to  spring  the  wound  well  open 
before  setting  the  speculum. 

Next  the  canthal  ligament  is 
thoroughly  exposed  by  passing  the 
closed  points  of  the  scissors  firmly 
along  the  upper  and  lower  margins 
of  the  ligament  in  a  direction  paral- 
lel to  its  fibers.  (Fig.  105.)  The 
ligament  is  cut  about  2  mm.  from 
its  nasal  end  in  a  direction  back- 
ward and  inward.  Then  the  orbicu- 
laris  fibers  are  divided  along  the 

anterior  crest  from  the  Upper  to  the       Fl0'   105>~ EXTIRPATION   OF   LACRIMAL   SAC.    Inter- 
!  j       -   .,  nal  canthal   ligament  and    orbicularis    palpebra- 

lower  end  ot  the  primary  incision.          rum  muscle  exposed. 

This  exposes  to  view  the  deep  fascia 

which  directly  surrounds  the  lacrimal  sac.     Pointing  the  scissors  backward  and 

inward,  ,-ut  through  the  deep  fascia  immediately  behind  the  stump  of  the  can- 
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thai  ligament.  This  expoeee  tin-  anterior  wall  of  the  lacrimal  BftC.  Tl. 
different  color  an<l  of  le.-s  tinn  Consistency  than  tin-  lmi»h  fa-.-ia  which  -nr- 
rounds  it.  Divide  the  lax-ia  along  the  whole  length  of  the  anti-rim-  crest  of 
the  lacrimal  groove.  When  properly  made,  the  im-i-i..!,.  in  th<-  orhicularis 
muscle  and  the  deep  fascia  should  be  as  long  as  the  primary  incMon  in  the 
skin  and  directly  behind  this  incision.  Kxtirpation  i  1  un- 

necessarily ditliciilt   hy  incomplete  exposure  of  the  sac.      If  these  incisions  have 
been  properly  made  there   will    he  a    tendency    for  the  d<  -  -  separate 

from  the  sac  wall  (  Fig.  100).  Pick  up  the  deep  fascia  with  the  mouse-tooth 
forceps  and  dissect  it  away  from 
the  sac  wall  by  gently  moving  the 
closed  points  of  the  scissors  up  and 
down  in  contact  with  the  deep  fas- 
cia, but  taking  care  not  to  pierce 
the  fascia  and  so  go  out  of  bounds. 
Resistance  to  this  dissection  will 
be  met  with  where  the  canal iculi 
join  the  lacrimal  sac,  or,  in  other 
words,  at  the  ampulla,  and  this 
may  be  snipped  through  with  the 
scissors.  The  dissection  should  b? 
carried  back  to  the  posterior  crest 
of  the  lacrimal  groove. 

Up  to  this  point  the  sac  has  re- 
mained attached  to  the  periosteum 
lining  the  groove,  and  is  especially 
adherent  along  the  anterior  and 
posterior  crests,  and  at  the  dome 
and  neck  of  the  sac.  If  there  is  a 
slight  shelf  of  deep  fascia  over- 
hanging the  sac  along  the  anterior 
crest  this  may  be  divided  behind  the  stump  of  the  liniment.  In  order  to  facili- 
tate starting  the  detachment  of  the  sac  from  the  periosteum,  gnu  ~;ic  by 
taking  a  good  bite  of  the  wall  with  the  forceps,  and  make  gentle  traction  away 
from  the  periosteum.  Then  by  careful  manipulation  the  delicate  fascia  he- 
the  sac  wall  and  periosteum  is  dissected  by  running  the  scissors  lengthwise  of  the 
lacrimal  groove  and  snipping  along  the  anterior  crest  and  wherever  else  may  he 
necessary.  Carry  this  dissection  from  the  domo  of  the  sac  to  the  mouth  of  the 
duct.  Next  grasp  the  upper  portion  of  the  sac  wall  and  cut  it  free  from  tl 
herent  tissues  at  the  dome.  Lift  the  sac  wall  gently  out  of  the  cavity  and  divide 
the  adhesions  along  the  posterior  crest  with  the  scissors.  Then  pull  it  gently 
upward  so  as  to  put  the  neck  on  the  stretch  and  free  the  lower  end  completely 
from  the  adherent  tissues  that  surround  it.  Keep  the  traction  on  the  sac  in 
an  upward  direction,  straddle  the  mouth  of  the  duct  with  the  blades  of  the 
7  B 


FIG.    106.  —  EXTIRPATION  OF  LACRIMAL  SAC. 
thai  ligament  has  been  cut  and   incision   in 
fascia  has  been  made  exposing  lacrimal  sac. 
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scissors,  and  cut  it  off  as  low  as  pos- 
sible (Fig.  107).  If  the  surgeon 
has  been  successful  in  removing  the 
lacrimal  sac  in  its  entirety,  it  will 
not  be  necessary  to  use  the  curet, 
nor  is  it  essential  that  the  probe  be 
entered  into  the  nasal  duct. 

The  cavity  should  be  irrigated 
with  boric  acid  solution,  and  if  the 
operator  chooses  he  may  swab  it  out 
with  tincture  of  iodin. 

SUTURING. — In  sewing  up  the 
wound  it  is  good  practice,  but  not 
necessary,  to  sew  up  the  canthal 
ligament.  A  fine  gut  suture  may  be 
introduced  to  bring  the  cut  ends  of 
the  ligament  in  apposition  or  the 
ligament  may  be  included  with  the 
skin  suture.  Introduce  the  skin  su- 
tures in  such  a  manner  that  the  tem- 
poral fiap  will  be  slightly  raised,  as 
the  tendency  following  this  opera- 
tion will  be  toward  ectropion  and 

proptosis  of  the  lower  lid,  especially  if  there  has  been  a  fistula,  and  inflammatory 

tissue  has  had  to  be  removed  (Fig.  108). 


Fio.  107. — EXTIRPATION  OF  LACRIMAL  SAC.  Lac- 
rimal sac  has  been  dissected  free  from  perios- 
teum and  deep  fascia.  Held  in  forceps  ready 
to  cut  off  at  neck. 


Fio.  108. — EXTIRPATION  OP  LACRIMAL  SAC.     Sutures  introduced  ready  to  tie. 

•BB  TREATMENT. — Bichlorid  vaselin  is  smeared  on  the  wound,  and  iodo- 
L-aiize  dressing  and  pressure  bandage  are  applied.      The  first  dressing 
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is   left    nn    lor   i'    day-;   after  operation.      Tin-  sutures   are   removed     1    ,. 
following  operat  inn. 

II  annoying  Overflow  «>f  tear  after  the  removal  of  tin-  lacrimal  >ac, 

the  palpehral   portion  of  the  laeriinal  gland  mav   he  reflected 


EXCISION  OF  THE  PALPEBEAL  PORTION  OF  THE  LACRIMAL  GLAND 

AXKSTII  KSIA.       This    operation    may    he    done    under    loeal    ane-thc-ia    by 
cocain  and  adrenalin   injection,  hut   it   is  hetter  to  put  the  patient   under  general 


\ 


FIG.  109.  —  RESECTION  OF  PALPEBRAL 
PORTION  OF  LAOKIMAL  GLAND. 
Conjunctival  incision. 


FIG.    110.—  Hi  •.-.».  i  ii.  \    oi 

TION      <>l        I.\(  KI.MAI,     Gl>ANI). 

almost  completed. 


Di-- 


anesthesia,  as  there  are  considerable  hemorrhage  and  pain  under  local  injection. 
If  performed  under  general  anesthesia,  an  injection  of  1  :  l.oon  adrenalin  should 
be  made  in  and  about  the  gland  through  the  conjunctiva.  For  local  anes- 
thesia an  injection  of  adrenalin  1  :1,<><)O  one  part,  cocain  1  per  cent,  one  part, 
and  distilled  water  two  parts  is  used. 

It  may  be  considered  good  surgery  to  resect  the  palpehral  portion  of  the 
lacrimal  gland  in  all  cases  of  extirpation  of  the  laeriinal  sac  which  are  done 
under  general  anesthesia. 

OPEKAT1ON". — The  lid  should  be  held  in  double  aversion.  This  is  best 
accomplished  by  the  use  of  the  Ehrhardt  lid  forceps.  It  may  be  held  less  con- 
veniently by  the  use  of  a  bone  spatula  and  fixation  forceps.  Make  an  incision 
extending  from  the  outer  eantlms  toward  the  inner  cantlms  about  1J_.  in.  in 
length  (Fig.  KW).  Asa  rule,  the  posit  ion  of  the  gland  can  easily  he  detected  by 
a  rounding  elevation  which  presents  itself  on  evert  ini:  the  lid.  On  c<mip!« 
the  conjunctival  incision  the  thin  capsule  surrounding  the  palpebral  portion 
of  the  gland  comes  into  view  and  the  conjunctiva  is  readily  separated  from 
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this  membrane.  Grasp  the  gland  with  the  fixation  forceps  and  dissect  out 
carefully  with  the  scissors  (Fig.  110).  In  excising  this  portion  of  the  gland 
the  ducts  which  are  embedded  within  it  are  resected,  and  the  result  of  this 
operation  in  reducing  epiphora  is  due  more  to  the  resection  of  these  ducts  than 
to  the  removal  oi  the  gland  tissue  proper.  The  conjunctival  wound  is  closed 
with  -2  or  :)  line  gut  sutures.  Excessive  dryness  of  the  eye  does  not  occur 
following  this  operation. 


OPERATIONS   ON  THE   ORBIT 


SURGICAL    ANATOMY    OF     THE    ORBIT 

The  orhit  is  a  bony  cavity  for  the  lodgment  of  the  eyeball,  with  its  mus- 
•Ics,  nerves,  vessels,  and  fascial  attachments,  lacrimal  gland,  lacrimal  sac,  and 

orbital  fat.  In  shape  it  is  an 
imperfect  pyramid,  with  a 
depth  of  from  4  to  4~y2  cm., 
with  its  apex  at  the  optic 
foramen  and  its  base  at  the 
orbital  margin.  The  axes  of 
the  orbital  cavities  diverge,  so 
that  the  inner  walls  of  the  two 
cavities  are  practically  paral- 
lel. 

The  roof  is  formed 
largely  by  the  orbital  plate 
the  frontal  bone.  A  small 
portion  of  the  roof  at  the  apex 
is  formed  by  the  lesser  wing 
of  the  frontal  bone.  A  small 
the  frontal  sinus  is  a  part  of 
the  anterior  portion  of  the 
roof  of  the  orbit.  These  2 
cavities  are  separated  by  only 
a  thin  plate  of  bone. 

The  nasal  wall  of  the  or- 
bit is  formed  by  a  small  por- 

HUJ  nasal   process  of  the   superior  maxillary  bone,  lacrimal  bone,   os 
I'"'  ethmoid,  and  body  of  the  sphenoid.     The  lacrimal  bone  and  os 
the  ethmoid  eeparate  the  orbital  cavity  from  the  ethmoidal  cells  and 
<T.V  thin,  sometimes  even  perforated. 

IV  floor  of  the  orbit  slants  downward  and  outward  from  its  inner  border, 
largely  from  that  part  of  the  superior  maxillary  bone  which 


FIG.  111. — LEFT  BONY  ORBIT. 
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covers  over  the  maxillary  anti-inn    (antrnm  of  II  i.^hmore  ,.      A   >mall  p.,ni.,u 
of  the  malar  bone  enters  into  the  formation  Anterior  j.art  of  the  tloor, 

and  the  orbital  process  of  the  palate  bom  a  small  part  of  tin-  lloor  at 

the  apex. 

The  external  wall  runs  from  the  apex  i'orxvanl  and  outward  t..  the  orbital 
margin.     It  is  formed  from  the  greater  win-  of  the  >phen..id  and  the  malar 
bone.     It  is  comparatively  thick  and  protective  in  character  and 
orbital   cavity   from  the  temporal  fossa   which    lodges    tin    temporal    m 

The  orbital  margin  is  heavy  and  prominent  and  !  up  of  the  frontal, 

malar  and  superior  maxillary  bones.     To  this  prominent   Uny  ma'--in  is  at- 
tached the  tai'SO-Orbital  fascia,  which  separates   the  ti— lies  out-ide  the  o: 
cavity  from  those  within  it. 

In  the  outer  forward  part  of  the  orbit,  just  internal  to  the  external  angu- 
lar process  of  the  frontal  bolie,  is  the  Inrrininl  /W».  a  dcpre.— i.,n  for  the 
reception  of  the  lacrimal  inland.  At  the  anterior  extremity  of  the  nasal  wall 
is  the  lacrimal  groove  for  the  lacrimal  sac.  The  anterior  pm-tion  of  t: 
is  formed  in  the  strong  nasal  process  of  the  superior  maxillary  l,,.ne.  while 
the  posterior  portion  is  formed  in  the  lacrimal  hone,  which  is  as  thin  as  an 
eggshell.  The  lacrimal  groove  is  continuous  below  with  the  lacrimal  canal, 
which  communicates  with  the  inferior  meatus  of  the  nose  near  -rior  end. 

The  optic  foramen  at  the  apex  of  the  orbit  is  about  5  mm.  in  dia: 
and  allows  the  passage  of  the  optic  nerve  and  the  ophthalmic  artery,  which 
furnishes  the  blood  supply  for  the  structures  in  the  orbit.  The  optic  com- 
missure and  nerve  lie  in  contact  with  the  wall  of  the  sphenoidal  sinus,  and  the 
nerve  is  in  close  anatomical  relationship  with  the  posterior  ethmoidal  cells. 
This  is  of  the  utmost  surgical  importance  in  both  nasal  and  ophthalmic  sur- 
gery, as  infection  in  these  accessory  nasal  cavities  may  lead  to  inflammatory 
involvement  of  the  optic  nerve  and  consequent  blindness.  The  optic  nerve  is 
attached  to  the  eyeball  a  little  to  the  nasal  side  of  its  posterior  pole,  approach- 
ing the  eyeball  in  a  curved  manner  and  allowing,  through  its  laxity,  free 
movement  of  the  eye.  External  to  the  optic  foramen  is  the  sjJicnoidal  fissure 
through  which  pass  the  third,  fourth,  the  ophthalmic  division  of  the  fifth,  and 
sixth  cranial  nerves,  sympathetic  nerve  and  ophthalmic  vein.  The  third, 
fourth,  and  sixth  nerves  are  motor  nerves  for  the  supply  of  the  muscles  of  the 
eyeball  and  elevator  of  the  upper  lid,  while  the  ophthalmic  division  of  the 
fifth  supplies  sensation  for  the  ocular  structures.  The  sphenomaxtilary  //> 
is  longer  than  the  sphenoidal  fissure  but  of  less  surgical  importance.  It  is 
formed  at  the  outer  boundary  of  the  posterior  portion  of  the  floor  of  the  orbit 
It  allows  the  passage  of  the  superior  maxillary  nerve  which  pierces  the  floor 
of  the  orbit  to  emerge  below  the  orbital  margin  from  the  infra-orbital  foramen. 

The  eyeball  with  its  fascial  covering  (Tenon's  capsule)  rests  in  orbital  fat 
in  the  anterior  part  of  the  orbit.  It  is  almost  a  perfect  sphere  with  a  diameter 
of  a  little  less  than  1  in.  (23  mm.).  The  movements  of  the  eye  are  governed 
by  6  muscles  called  the  superior  rectus,  inferior  rectus,  internal  rectus,  exter- 
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nal  rectiiB,  superior  oblique  and  inferior  oblique.  The  4  recti  have  their  origin 
at  the  apex  of  the  orbit  around  the  optic  nerve  and  diverge  as  they  pass  for- 
ward to  their  insertions  in  the  sclera  about  6  mm.  from  the  margin  of  the 
cornea.  The  superior  oblique  also  has  its  origin  at  the  apex  of  the  orbit,  and 
passes  forward  along  the  superonasal  angle  of  the  orbit  almost  to  the  orbital 
mar-in,  where  it  passes  through  a  pulley  of  fibrous  tissue,  and  changes  its 
direetion  so  as  to  pass  downward,  backward,  and  outward  for  its  insertion  to 
the  eyeball  behind  the  equator.  The  inferior  oblique  muscle  rises  from^the 
floor  of  the  orbit  close  to  the  orbital  margin  just  external  to  the  opening  into 
the  lacrimal  canal.  It  passes  backward,  outward,  and  upward  for  its  insertion 
to  the  eyeball  a  little  behind  the  equator.  The  elevator  of  the  upper  lid  (leva- 
tor  palpebne  superioris)  rises  at  the  apex  of  the  orbit  a  little  above  and  in 
front  of  the  optic  foramen.  It  spreads  out  as  it  passes  forward  near  the  roof 
of  the  orbit  and  is  inserted  by  a  broad  tendon"  into  the  upper  border  and  the 
anterior  surface  of  the  tarsal  cartilage  of  the  upper  lid. 

INCISION  OF  THE  ORBIT 

Exploratory  Incision. — Incision  of  the  orbit  almost  always  calls  for  gen- 
eral anesthesia.  Not  uncommonly,  the  cause  of  the  swelling  of  the  orbital 
tissues,  as  manifested  by  exophthalmos,  is  a  puzzling  condition.  The  surgeon 
is  justified  in  making  as  free  an  incision  as  may  be  necessary  in  an  attempt 
to  find  the  cause,  which  may  be  a  pus  collection,  hemorrhage,  cyst,  accessory 
sinus  disease,  benign  or  malignant  tumor. 

Incision  for  Orbital  Cellulitis  or  Abscess  of  the  Orbit. — Usually  infection  of 
the  orbit,  resulting  in  abscess,  is  due  to  a  rupture  of  the  orbital  wall  and 
escape  of  pus  from  the  frontal,  ethmoidal,  sphenoidal,  or  maxillary  sinus.  The 
most  common  ruptures  are  from  the  anterior  ethmoidal  cells  and  frontal  sinus, 
through  the  thin  bony  partition  which  separates  the  frontal  and  ethmoidal 
cavities  from  the  orbit.  The  periosteum  may  or  may  not  be  ruptured. 

The  position  of  the  incision  for  abscess  of  the  orbit  must  be  governed  by 
tlie  probable  location  of  the  pus  collection.  It  is  sometimes  impossible  to 
make  out  the  exact  situation  of  the  orbital  abscess  and  sometimes  the  pus  is 
not  localized.  The  incision  should  be  made  close  to  the  wall  of  the  orbit  so 

•  avoid  injury  of  important  structures.  It  would  be  better  to  avoid  incising 
on  the  nasal  side  on  account  of  the  liability  of  injuring  the  superior  and 
inferior  oblique  muscles,  but,  unfortunately,  the  pus  collection  is  most  liable 
to  he  near  these  muscles,  and  best  drainage  is  procured  by  making  the  opening 
on  the  nasal  side.  Injury  to  the  levator  palpebrse  superioris  with  consequent 

is  may  follow  an  incision  above  the  eyeball  and  this  should  be  avoided  if 

ible. 

Careful  probing  usually  reveals  the  cause  of  pus  collection  for  which  an 
incision  lias  been  made.  It  is  most  commonly  ethmoiditis  or  frontal  sinusitis. 
It  is  evident  then  that  incision  and  drainage  of  the  orbital  abscess  is  usually 
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only  a  temporary  means  of  alleviating  a  dangerous  condition,  and  a  more  radi- 
cal procedure  mi  the  accessory  sinuses  or  bone  of  the  m-l.it  mu>t  follow  before 
healing  will  tak(3  place.  Such  an  operation  is  usually  within  the  realm  of 
the  nasal  surgeon  rather  than  the  ophthalmic  -nr^enn. 

After  incision  of  an  orhital  ahseess  the  wound  .should  he  kept  npen  with 
uaii/e  or  drainage  tuhe,  and  a  lame  wet  ^aii/.e  dre— in::  >hoiild  he  kept  on. 

Incision  for  Tumors.  Karely,  small  encapsulated  tumor,  situated  in  the 
fore  part  of  the  orbit  can  he  ivmo\ed  through  a  simple  incision  in  the  skin  near 

the  orbital  inar»in.  The  opening  should  he  lar-e  enough  to  enable  the  nil 
to  work  with  freedom  and  not  to  injure  unnecessarily  either  the  tumor  or  orhital 
structures.  Attempts  to  remove  tumors  in  this  way  often  result  in  failures  and 
must  he  followed  by  a  more  radical  procedure,  Midi  a.-  exenteration  of  the 
orbit  or  Kronlein's  operation.  Uefore  sewing  the  wound  it  is  well  to  be  sure 
lliat  all  bleeding  has  heen  stopped  to  avoid  hematoma.  The  tarso-orbital  fascia 
should  be  sutured  with  catgut  before  closing  the  skin  wound. 

Foreign  Bodies  in  the  Orbit. — Foreign  bodies  which  penetrate  into  the  or- 
bital tissues  are  usually  pieces  of  wood,  stone,  or  metal,  and  unless  the  location 
is  manifest  the  X-ray  should  be  resorted  to  for  the  exact  localization.  It  is 
often  wiser  to  allow  non-infected  foreign  bodies  to  remain  in  the  orhital  tissues 
than  it  is  to  attempt  to  remove  them.  Pieces  of  metal  have  been  carried  in 
the  orbit  for  many  years  without  any  harm,  and  their  removal  is  often 
hazardous  to  the  eyeball. 

The  location  and  depth  of  the  incision  and  manner  of  removal  of  a  for- 
eign substance  in  the  orbit  must  be  governed  by  the  character,  size,  and  posi- 
tion of  the  body.  It  is  seldom  that  the  electromagnet  is  of  service  in  delivering 
foreign  bodies  from  the  orbit,  whereas  it  is  of  utmost  value  in  delivering  them 
from  the  eyeball.  If  a  foreign  body  has  carried  a  virulent  infection  into  the  or- 
bital tissues,  removal  should  be  performed  as  soon  as  possible  and  drainage 
maintained  until  the  wound  is  closed. 


KRONLEIN'S  OPERATION    (OSTEOPLASTIC  RESECTION   OF    THE   OUTER   WALL 

OF   THE    ORBIT) 

This  operation  was  designed  for  the  removal  of  orbital  growths,  particu- 
larly retrobulbar  tumors,  without  sacrifice  of  the  eyeball.  The  operation 
may  be  performed  also  for  the  removal  of  foreign  bodies  in  the  orbit.  In 
this  operation  a  large  part  of  the  orbital  wall  with  its  fleshy  attachments  is 
hinged  back  so  as  to  expose  the  orbital  tissues,  and  after  removing  the  tumor 
it  is  sewed  back  into  position.  General  anesthesia  is  always  administered. 

INSTRUMENTS. — Scalpel,  tooth  forceps,  anatomical  forceps,  tine  dissecting 
scissors,  heavy  blunt  scissors,  hemostats,  periosteal  elevator,  <-hi>el  and  mallet, 
fine  saw,  bone  forceps,  retractors,  probe,  needle-holder,  irut  and  silk  sutures. 

OPERATION. — The  first  step  is  the  incision  of  the  soft  part-  i  Fi-.  112). 
This  is  curved  with  its'  convexity  forward.  It  starts  about  1  cm.  above  and 
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behind  the  external  angular  process  of  the  frontal  bone  and  ends  about  the 
middle  of  the  /viioma,  curving  forward  to  the  orbital  margin.  This  makes  a  cut 
about  7  cm.  Ion-  The  upper  portion  of  the  incision  extends  into  the  temporal 
muscle,  hut  not  to  the  bone,  while  the  middle  and  lower  portions  should  extend 

to  the  bone. 

Next  the  periosteum  is  incised  along  the  outer  margin  oi  the  orbit,  and 

with  an  elevator  is  separated  from  the  external  wall  within  the  orbit.     When 

the  sphenomaxillary  fissure  is 
reached  a  probe  may  be  placed  in 
the  anterior  end  of  the  fissure  and 
kept  there  as  a  guide. 

The  next  step  is  the  cutting  of 
the  bone.  This  may  be  .done  either 
with  chisel  and  mallet  or  with  a  fine 
saw.  The  first  incision  passes 
through  the  base  of  the  external 
angular  process  of  the  frontal  bone 
a  little  above  the  frontomalar  suture 
and  is  carried  downward  and  back- 
ward to  the  sphenomaxillary  fissure 
at  about  its  middle.  The  second 
incision  starts  about  3  cm.  below  the 
first,  and  is  carried  through  the  base 
of  the  orbital  process  of  the  malar 
bone  to  the  anterior  end  of  the 
sphenomaxillary  fissure  (Fig.  113). 
Then  with  a  pair  of  strong  blunt 
scissors  the  incision  is  extended 
along  the  tissue  of  the  sphenoidal 
fissure  to  the  posterior  end  of  the 

first  incision.     These  two  incisions  form  a  wedge  with  its  apex  at  the  spheno- 

iisaxilhiry  fissure  and  its  base  at  the  orbital  margin. 

Xo\v  the  wedge  of  bone  with  the  soft  parts  is  hinged  back  out  of  the  way 

and  held  t  lie  re  with  retractors.     A  horizontal  incision  is  made  with  scissors 

through    the   periosteum,  which  has  been  elevated  from  the  external  orbital 

wall.     This  cut  nuiy  be  made  along  the  upper  or  lower  border  of  the  external 

-  muscle  and  the  two  flaps  of  the  periosteum  are  held  open  with  retractors. 

If  the  tumor  is  to  the  temporal  side  of  the  orbit  it  may  present  at  once; 

if  not,  the  external  rectus  muscle  will  have  to  be  held  aside  or  cut.     If  it  is 

divided.  :i  iiut  suture  should  be  introduced  into  each  of  the  severed  ends  and 
me  >uture>  may  be  used  for  bringing  the  ends  together  later  on.     The 
is  hnmi-ht   into  view  by  holding  the  wound  well  open  and  throwing 
illumination  into  the  cavity.     Care  should  be  taken  that  all  of  the  tumor, 

without   unnecessary   injury  to  the  normal  structures,   is  removed.     If  it  is 


FIG.   112.— SKIN    INCISION    IN    KRONLEIN'S    OPER- 
ATION. 
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found  that  a   malignant    -rowtli   is  ditVused   throuiihout   the  orbital  tissue,  ex- 
enteration  of  the  entire  contents  ••!'  tin-  cavity  may  have  to  follow. 

The  periosteum  should  !><•  united  l,v  fi,l(.  o,,t  Hitirn^.  and.  after  replacing 
the  wediie  <•!'  hone,  the  iiiei>iun  in  the  >kin  is  elo-ed  with  silk  sutures.  Some 
operators  choose  to  place  a 
small  drain  near  the  lower 
end  of  the  incision.  lii- 
ohlorid  vaselin  1  :  .1,000 
should  be  smeared  along  the 
palpehral  fissure  =  md  a  large 
i:aii/c  dressing  and  handage 
applied.  This  is  left  on  for 
2  or  3  days  and  the  skin  su- 
t  u  res  removed  in  5  or  6  days. 
Following  this  operation 
then*  are  transient  exoph- 
t  ha  linos  and  muscular  pare- 
sis. 


EXENTERATION 
ORBIT 


OF    THE 


FIG.  113. — BONE  INCISION  IN  KRONLEIN'S  OPERATION. 


The  operation  for  the  re- 
moval of  the  entire  contents 
of  the  orbit  is  performed  for 
malignant  neoplasms  which 
have  invaded  the  contents  of 
the  orbit  to  such  an  extent 
that  it  is  not  safe  to  attempt 
to  save  the  orbital  structures. 
The  tumor  may  be  primarily 
of  the  orbit  or  may  be  one 
which  has  invaded  the  or- 
bital tissues  from  the  interior 

of   the  eyeball    or    its   surfaces,    or  from   one   of   the   neighboring   accessory 
sinuses. 

INSTRUMENTS. — Scalpel,  anatomical  forceps,  fine  tooth  forceps,  blunt  scis- 
sors, pointed  scissors,  periosteal  elevator,  retractors,  hemostats,  curet,  needle- 
holder,  and  sutures. 

OPEEATION. — General  anesthesia  is  always  required.  The  position  of  the 
primary  incision  depends  upon  whether  or  not  the  eyelids  are  to  be  removed. 
As  much  of  the  skin  of  the  lids  should  be  preserved  as  is  possible  with  safety. 
If  the  entire  eyelids  have  to  be  removed  the  incision  is  made  through  the  skin 
at  the  orbital  margin.  If  the  eyelids  can  be  entirely  preserved  the  incision 
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is  made  through  the  conjunctiva!  surface.  An  incision  (canthotomy)  should 
be  made  at  the  outer  and  inner  canthi  so  that  the  eyelids  can  be  turned  back 
out  of  the  way. 

The  incision  is  carried  to  the  orbital  margin  and  the  periosteum  is  cut 
through  all  around  the  margin;  and  then,  with  an  elevator,  the  periosteum  is 
separated  from  the  bony  wall  of  the  orbit.  The  detachment  of  the  periosteum 
from  the  orbital  wall  is  very  easily  performed  except  along  the  sphenomaxil- 
larv  and  sphenoidal  fissures  and  at  the  apex  of  the  orbit,  where  the  scissors 
must  be  used.  The  periosteum  clings  a  little  also  at  the  attachment  of  the 
superior  oblique  pulley  and  at  the  small  foramina.  In  elevating  the  periosteum 
from  the  nasal  side  care  must  be  taken  not  to  injure  the  lacrimal  bone  and 
the  os  plaimm  of  the  ethmoid. 

After  the  periosteum  has  been  freed  from  the  bone,  except  around  the 
optic  foramen,  gentle  traction  should  be  made  on  the  mass  and  it  should  be 
cut  free  as  near  the  optic  foramen  as  possible.  A  brisk  hemorrhage  follows 
the  cutting  of  the  ophthalmic  artery  and  firm  pressure  with  gauze  tampons 
should  be  applied.  If  it  should  fail  to  arrest  the  hemorrhage  the  actual  cau- 
tery may  be  resorted  to. 

If  there  is  malignant  involvement  of  an  accessory  sinus,  this  should  be 
thoroughly  cleaned  out  at  once.  Such  portions  of  the  eyelid  as  remain  are 
stripped  of  their  cpnjunctiva  and  eyelashes  and  laid  back  on  the  orbital  wall 
or  they  may  be  sutured  together  except  for  an  opening  for  packing  and  drain- 
age If  the  malignant  tissue  has  been  entirely  removed,  healthy  granula- 
tions will  spring  up  in  a  few  days  to  cover  the  orbital  wall.  If  the  operator 
chooses,  he  may  hasten  healing  by  laying  Thiersch  grafts  on  this  granulation 
tissue.  Considerable  deformity  follows  exenteration  of  the  orbit  and  a  cover- 
ing in  the  form  of  a  patch  is  usually  worn  to  hide  the  unsightly  cavity. 


CHAPTER  III 

OPERATIONS  UPON  THE  EAR  AND  THE  ADJACENT  STRUCTURES 

T.  L.  SAUNIH  i:- 

It  is  my  intention  to  consider  in  the  following  article  the  commoner  sur- 
gical diseases  of  the  ear  and  their  complications  which  occasionally  fall  to  tin- 
lot  of  the  general  surgeon;  and  it  is  for  his  help  and  jiuidain-r,  as  well  as  for 
the  specialist,  that  the  following  pages  are  intended. 

For  an  intelligent  appreciation  of  the  various  indications  for  the  opera- 
tions upon  the  ear,  and  its  adjacent  structures,  a  knowledge  <.f  the  normal 
and  pathological  appearances  of  the  drum  membrane  is  absolutely  nece> 
The  proper  scope  of  the  operative  procedures  can  only  be  correctly  estimated 
by  a  careful  physical  examination  of  the  membrana  tympani,  auditory  canal. 
and  mastoid  process,  and  in  many  instances  supplemented  by  a  functional 
examination  of  its  auditory  and  static  activity. 

DIAGNOSIS  OF  AURAL  INFLAMMATION 

HISTORY  AND  GENERAL  CONSIDERATION  OF   SYMPTOMS 

History. — The  history  of  a  patient  suffering  from  a  possible  surgical 
disease  of  the  ear  should  always  be  taken.  It  not  Infrequently  irivi*s  valuable 
aid  toward  making  the  diagnosis  and  enables  the  examiner  to  conduct  his 
physical  examination  more  intelligently  and  with  greater  expedition. 

The  following  points  should  be  elicited : 

1.  Chief  complaint. 

2.  Onset  and  predisposing  cause. 

3.  Duration  of  attack. 

4.  Previous  attacks. 

5.  Pain:    Location,  character,  duration,  how  increased,  when  at  its  worst, 
insomnia. 

G.  Aural  discharge:    Amount,  character,  odor,  duration. 

7.  Chills :    Present  or  absent. 

8.  Nausea,  vertigo  and  dizziness,  vomiting. 

9.  General  health. 
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Thus  by  inquiries  about  the  duration  and  previous  attacks  we  are 
able  in  a  case  of  mastoiditis  to  infer  whether  it  is  an  acute  attack  or 
an  acute  exacerbation  of  a  chronic  case,  and  frequently  by  well-direct- 
ed questions  regarding  the  discharge  we  can  gain  valuable  informa- 
tion regarding  its  chronicity.  These  facts  are  important,  for,  as  will 
be  sec.,  later,  they  have  a  direct  bearing  upon  the  operative  proc< 

involved. 

Pain.— Pain  is  a  most  important  symptom.     It  is  usually  expected  at  t 
onset  of  an  acute  otitis,   while  pain  reappearing  or  occurring  later  in  the 
course  of  the  disease  usually  means  an  involvement  of  the  mastoid  or  adja- 
cent structures. 

Pain  in  aural  disease  is  of  two  kinds:  Pain  in  the  ear  itself,  of  a  shooting 
or  tlm.hhinir  character;  and  a  general  headache,  dull  or  severe,  localized  or 
general  The  occurrence  of  severe  headache  in  a  case  of  mastoiditis  usually 
in.lirates  that  the  limits  of  the  process  are  not  confined  to  the  middle  ear  and 
mastoid  process.  Postoperative  headache,  if  severe  and  of  any  duration,  and 
if  unaccounted  for  by  a  local  condition,  such  as  a  cellulitis  of  the  wound 
ivsipelas,  portends  as  a  rule  involvement  of  the  cranial  cavity.  On 
the  other  hand,  the  elicitation  of  the  absence  of  pain  is  not  always  of 
equal  value,  for  serious  intracranial  conditions  can  occur  without  this 
symptom. 

Chills.  — Chills,  if  unexplained  by  the  causal  disease  at  the  beginning, 
indicate  as  a  rule  an  extremely  vicious  and  rapid  invasion  of  the  mastoid 
process  or  the  formation  of  a  thrombus  in  the  lateral  sinus.  Likewise,  chills 
occurring  after  operation  and  accompanied  by  a  marked  rise  of  temperature 
usually  indicate  the  onset  of  a  complication  such  as  pneumonia,  erysipelas  or 
a  sinus  thrombosis. 

Nausea,  Vomiting,  etc.  — Marked  nausea  and  vomiting,  vertigo  or  dizziness 
occurring  at  the  onset  or  during  the  postoperative  course,  lead  us  to  suspect 
the  brain  or  labyrinth. 


PHYSICAL    EXAMINATION    OF    THE    EAR 

The  patient  is  most  conveniently  examined  in  a  sitting  position,  with  the 
ear  in  question  turned  toward  the  examiner.  Both  ears  should  always  be 
e.\; i mined.  The  recumbent  position  of  the  patient  adds  considerably  to  the 
difficulties  of  the  examiner,  and  is  used  only  when  the  general  condition  of 
the  patient  centra-indicates  the  upright  position.  In  the  upright  position,  if 
a  head  mirror  is  used,  the  source  of  illumination  should  be  on  a  level  with 
and  slightly  behind  the  patient's  ear,  and  so  placed  that  the  angle  formed  by 
tl.e  li»ht,  the  head  mirror  of  the  examiner  and  the  ear  to  be  examined  is  one  of 
45  degrees. 

For  office  or  hospital  work  a  special  electric  light  (Coakley-McKenzie) 
or  an  Argand  gas  burner  on  an  adjustable  bracket  is  advisable.  For  exam- 
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ining  patients  in  the  recumbent  push  inn,  and  for  occasional  examinations 
in  the  home  of  the  patient.  ;m  elect ri<-  headlight  with  a  pocket  battery  (Wap- 
pler  Elec.)  lias  been  I'miml  nm-t  convenient  by  me.  In  the  absence  of  this. 
other  sources  of  illumination  may  be  devised. 

Instruments.  -The  instruments  necessary  for  a  mutine  examination  of 
the  membrana  tympani  are: 

1.  Set  of  ear  specula,  (Jrubor  or  Bouoheroo  pattern. 

2.  Cotton  applicator. 

3.  Metal  ear  syringe. 

4.  Small  angular  forceps. 

The  head  mirror,  if  used,  should  be  about  3  in.  in  diameter,  with  a  fairly 
large  hole  in  the  center  (3/8  in.)  and  fastened  to  a  leather  or  wood-fiber  ad- 
justable head-band  by  a  double  ball  and  socket  joint. 

The  aural  syringe  should  be  of  metal,  with  a  tight  but  smoothly  running 
plunger. 

Syringing.  — All  solutions,  normal  salt,  boric  acid  or  bichlorid  1 :5,000, 
used  in  the  ear,  should  be  comfortably  warm.  The  temperature  in  each  case 
should  be  tested  by  first  syringing  the  outer  part  of  the  auricle  and  following 
the  wishes  of  the  patient.  The  most  comfortable  temperature  will  usually 
be  found  to  be  about  104°  F.,  and  this  temperature  can  conveniently  be  used 
in  small  children.  If  a  thermometer  is  unavailable,  the  solution  should  be 
made  so  as  to  be  just  comfortably  warm  when  syringed  on  the  bare  forearm 
of  the  examiner. 

Syringing  is  a  most  efficient  means  of  removing  discharge  and  detritus 
from  the  canal,  as  a  preliminary  to  careful  inspection  of  the  drum,  and  if 
performed  in  the  following  manner  will  be  found  far  more  comfortable  than 
the  time-honored  method  of  wiping  out  the  canal  by  a  wisp  of  cotton  on  an 
applicator.  In  the  majority  of  instances  the  drum  picture,  hitherto  rendered 
indistinct  and  obscure  by  the  discharge  or  detritus,  will  become  clean-cut  and 
typical. 

It  should  be  performed  in  the  following  manner:  The  patient's  head 
should  be  slightly  tilted  so  that  the  horizontal  plane  of  the  canal  is  directed 
outward  and  upward.  The  syringe  is  filled  with  the  warm  solution,  and  its 
tip  held  directly  upward  and  all  air  expelled.  It  is  then  laid  gently  in  the 
entrance  of  the  canal  and  the  canal  slowly  filled.  When  filled,  more  force 
can  be  used  so  that  the  return  flow  washes  out  the  discharge  into  the  basin  held 
beneath  the  ear.  This  is  repeated  several  times  until  the  return  flow  is  clear. 
The  patient's  ear  is  then  tilted  downward,  and  the  fluid  remaining  in  the 
canal  allowed  to  run  out.  If  any  remains  at  the  time  of  examination,  it  can 
be  gently  absorbed  by  a  wisp  of  cotton  upon  an  applicator.  If  the  air  is  not 
expelled  from  the  syringe,  or  if  a  stream  of  fluid  is  impinged  forcibly  against 
the  drum  head,  the  physician  will  cause  considerable  pain  or  discomfort. 
Gentleness  should  be  the  key-note  in  manipulations  about  the  ear.  The  im- 
portance of  carefully  cleaning  the  ear  in  this  manner  cannot  be  overestimated, 
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for  if  so  done,  many  mistakes  in  diagnosis  will  be  avoided.     Its  omission  is 
an  error  seen  only   too  frequently. 

Introduction  of  the  Speculum.— In  using  the  speculum,  the  largest 
comfortably  into  the  patient's  ear  should  be  taken.     Pain  is  caused  by  at- 
tmiptino-  to  force  a  large  speculum  into  a  small  auditory  canal;  and  if  the 
examiner  uses  too  small  a  speculum,  he  will  deprive  himself  of  an  adequate 
view  of  the  drum  head. 

The  speculum  is  inserted  in  the  following  manner:  To  straighten  the 
canal  the  auricle  is  pulled  upward  and  backward  in  adults,  and  downward 
and  backward  in  infants,  by  the  fingers  of  the  left  hand,  and  the  speculum 
inserted  snn-ly  as  far  as  it  will  go,  with  a  gentle  rotatory  movement.  The 
speculum  is  then  grasped  by  the  thumb  and  index  finger  of  the  left  hand  and 
the  auricle  maintained  in  the  same  position  by  the  index  and  middle  fingers, 
now  leaving  the  right  hand  free  for  the  use  of  instruments  or  other  manipu- 
lations. This  procedure  should  be  easily  and  comfortably  accomplished  unless 
the  canal  is  swollen  and  tender,  due  to  a  furuncle  or  a  diffuse  inflammation. 
In  cases  of  furunculosis,  it  is  often  impossible  to  insert  the  smallest  specula  so 
as  to  gain  a  view  of  the  drum  without  the  aid  of  an  anesthetic. 

Examination  of  Membrana  Tympani  and  Auditory  Canal. — The  surgeon 
should  learn  to  recognize  the  following  conditions: 

1.  Normal  drum  membrane. 

2.  An  acutely  inflamed  drum  membrane,  requiring  incision,  i.  e.  redness 
and  bulging. 

3.  Sagging  of  the  posterior-superior  quadrant  of  the  canal  wall  adjacent 
to  the  drum. 

4.  A  furuncle  on  the  wall  of  the  ear. 

5.  Exostoses  on  the  canal  wall. 

6.  Evidences  of  chronic  suppuration,  i.  e.  large  perforations  with  thick- 
ened edges,  polyps  and  granulation  tissue,  remnants  of  the  ossicles. 

Lack  of  space  prevents  me  from  entering  into  a  lengthy  description  of 
the  various  appearances  of  the  drum  membrane.  Indeed  no  adequate  de- 
scription can  be  written.  The  surgeon  must  familiarize  himself  with  the 
appearances  by  repeated  examinations.  However,  I  desire  to  give  a  few  of 
the  salient  points. 

1.  NORMAL  DEUM  MEMBRANE. — The  points  to  be  recognized  are:  (a) 
its  pearly  gray  color;  (b)  its  translucency ;  and  (c)  the  normal  landmarks 
seen  on  its  surface.  The  most  prominent  landmark  is  seen  at  the  upper  and 
anterior  part  of  the  drum  as  a  pearly  white  dot,  the  short  process  of  the 
malleus;  in  acute  inflammations  this  is  the  first  landmark  to  disappear,  and 
i:i  a  subsiding  inflammation  the  first  to  reappear.  Extending  downward  and 
l>a<-k\vard  to  the  center  of  the  drum  is  a  white  line,  the  long  process  or  handle 
of  the  malleus.  About  this  center  is  an  opacity  called  the  umho,  while  ex- 
tending from  the  umbo,  almost,  but  not  quite  to  the  periphery,  is  seen  a  light 
reflex,  "the  cone  of  light/'  Further  extending  from  the  periphery  to  the  short 
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process  are  seen  2  folds,  the  anterior  and  posterior  folds.  Of  these  the  pos- 
terior is  the  more  prominent  and  is  -omet  inn'-  mi-taken  tor  th<-  handle  of 
the  malleus.  These  folds  divide  the  drum  membrane  into  -i  portions,  that 
above  called  ShrapneU's  membrane,  and  the  part  below,  tin-  //  >i  vi- 

brans,  or  the  vibrating  part  of  the  membrane. 

2.  ACUTE    INFLAMMATION    OF    THE   DRUM    MEMHKANK.       In-tead     of    a 
pearly  iiray,  the  membrane  assumes  a  pink  or  red  mlnr.     This  tii>t   be^ina  as 
a  reddish   blusli    in   ShrapnelFfl   membrane,   and   extend-   downward,   po-t<-ri«.r 
to  the  handle  of  the  malleus,  and  soon  covers  the  entire  drum  membrane.      In 
the  severer  cases,  bulging  soon  follows.    This  bul^in^  i>  not  perfectly  symmetri- 
cal like  the  outer  surface  of  a  hemisphere,  but  the  upper  and  posterior  part  of 
the  membrane   is   seen   to   stand   outward    (nearer   the   examiner)    and   over 
the  anterior  and  inferior  portion.     In  cases  where  the  process  is  of  lonir  dura- 
tion, the  drum  takes  on  a  thickened  soggy  appearance,  which,  to  the  experi- 
enced observer,  is  quite  characteristic. 

3.  SAGGING  OF  THE  CANAL  WALL. — This  should  always  be  looked  for 
in  a  case  of  any  duration,  and  in  every  case  of  suspected  mastoiditis.      If 
present,  it  is  a  valuable  and  enlightening  symptom,  denoting  an  extension  of 
a  purulent  inflammation  into  the  mastoid  antrum  and  adjacent  cells,  and  in 
the  vast  majority  of  instances  forms  a  positive  indication  for  a  mastoid  opera- 
tion.    It  partly  obscures  the  drum  membrane,  the  lower  and  anterior  part  only 
being  visible.     In  many  cases  the  upper  and  posterior  part  of  the  wall  seems 
to   slope   gradually   downward   and   shade  insensibly   into   a  chink   of  drum 
membrane  at  the  anterior  and  innermost  part  of  the  canal. 

4.  FURUNCLE  OF   THE   AUDITORY  CANAL. — Inspection      of      the      outer 
canal  wall  usually  precedes  the  actual  examination  of  the  drum  membrane, 
either  before  or  after  the  introduction  of  the  speculum.     The  swelling  of  a 
furuncle  may  be  seen,  or  its  preliminary  stage  may  be  detected  by  the  determi- 
nation of  a  spot  of  localized  tenderness  along  a  canal  wall.     This  is  accom- 
plished by  the  passage  of  a  large  blunt  probe  along  the  canal  walls,  using 
moderate  pressure,  introducing  the  probe  and  drawing  it  successively,  from 
within  outward,  over  the  superior  anterior  inferior  and  posterior  canal  walls. 
This  is  a  valuable  diagnostic  point,  for  a  patient  will  wince  and  complain 
of  pain  when  the  site  of  the  furuncle  is  reached. 

5.  EXOSTOSES. — Exostoses  have  the  following  characteristics:    They  are 
rounded  or  oval  swellings  on  the  canal  wall,  especially  at  its  anterior  and 
superior  part,  near  the  drum.     When  touched  with  a  probe  they  give  a  stony 
resistant  feeling,  which  distinguishes  them  from  an  inflammatory  or  cystic- 
swelling. 

6.  CHRONIC   SUPPURATION   OF    THE    MIDDLE   EAR. — It     is     not     always 
easy  to  diagnosticate  chronic  suppuration  from  examination  of  the  drum,  but 
the  presence  of  polyps  or  granulation  tissue,  large  perforations  with  thickened 
edges,  together  with  a  fetid  odorous  discharge,  makes  us  practically  sure  of 
the  long  duration  of  the  process. 
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Examination  of  the  Mastoid  Process, — Upon  inspection  is  noted  the  gen- 
eral shape  of  the  mastoid  process,  any  redness,  swelling  or  obliteration  of 
the  postauricular  fold.  Pus  beneath  the  mastoid  periosteum  gives  a  character- 
istic picture.  There  is  a  fullness  of  the  postauricular  tissues,  the  postauricu- 
lar fold,  which  marks  the  junction  of  the  auricle  with  the  mastoid  bone,  is 
obliterated  especially  at  its  upper  half,  and  the  auricle  itself  is  displaced 
downward  and  outward.  This  indicates  either  a  furuncle  of  the  canal  that 
has  burrowed  backward,  or  a  mastoiditis  that  has  perforated  the  mastoid 
bone  itself. 

MASTOID  TENDERNESS. — In  acute  middle  ear  and  mastoid  disease,  the 
mastoid  process  should  be  examined  carefully  and  systematically  for  the 
presence  or  absence  of  mastoid  tenderness.  The  right  hand  is  used  for  ex- 
amining the  left  ear  of  the  patient,  and  vice  versa.  With  the  fingers  of  the 
examiner  resting  lightly  on  the  patient's  neck,  the  following  points  are  firmly 
pressed  with  the  tip  and  ball  of  the  thumb. 

1.  Over  the  mastoid  antrum. 

2.  Over  the  posterior  bony  canal  wall. 

3.  Over  the  mastoid  tip. 

4.  Over  the  entrance  of  the  mastoid  emissary  vein,  which  lies  along  the 
posterior  border  about  1^/4  in.  from  the  mastoid  tip. 

If  necessary,  firm  pressure  should  be  made  over  the  bone  and  the  com- 
parison should  always  be  made  with  that  of  the  opposite  side.  It  should  be 
remembered  that  in  certain  nervous  individuals  tenderness  may  be  elicited 
from  a  sound  mastoid.  In  this  procedure  care  must  be  taken  not  to  involun- 
tarily move  the  auditory  canal,  for  in  cases  of  furunculosis  so  doing  may  cause 
the  patient  to  interpret  the  tenderness  of  the  canal  as  mastoid  tenderness. 

Tenderness  in  front  of  the  tragus  and  upon  movement  of  the  auditory 
canal  is  usually  elicited  in  cases  of  furunculosis. 

FUNCTIONAL    EXAMINATION    OF     THE    EAR 

Acute  suppurative  cases  of  the  ear  and  mastoid  should  be  roughly  tested 
each  day  with  the  voice  and  watch.  An  increasing  deafness  usually  indi- 
cates that  the  disease  is  progressing;  on  the  other  hand,  steady  improvement 
in  the  hearing  indicates  usually  that  resolution  has  begun. 

Before  operating  on  any  chronic  suppurative  condition  of  the  middle  ear 
•>r  mastoid,  the  condition  of  absolute  deafness  should  be  determined  and 
tin-  reaction  of  the  semicircular  canals  obtained.  In  no  other  way  can  we 
eliminate  a  latent  disease  of  the  labyrinth  (see  Labyrinthitis). 

GENERAL    AIDS    TO    DIAGNOSIS 

1.  Smears  of  Aural  Discharge. — A  knowledge  of  the  infecting  micro- 
organism is  often  of  extreme  value  in  deciding  for  or  against  an  operation 
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in  the  acute  cases.  Formerly  cultures  were  taken,  but  these  were  found  to 
be  nearly  always  mixed  infections.  It  has  now  been  clinically  found  that 
equally  valuable  information  may  be  obtained  by  examining  smears  of  the 
aural  discharge.  The  predominating  organism  in  the  smear  of  the  aural  dis- 
charge is  usually  found  in  the  mastoid  pus  (obtained  at  operation)  in  pure 
culture.  The  streptococcus  and  the  streptococcus  mucosus  capsulatus  cases  are 
the  most  severe. 

The  streptococcus  mucosus  may  cause  grave  destruction  of  the  temporal  bone 
out  of  all  proportion  to  the  clinical  symptoms,  and  I  believe  it  a  sound  surgical  princi- 
ple to  operate  on  all  cases  of  streptococcus  mucosus  infection  of  the  middle  ear  and 
mastoid  which  do  not,  within  a  week  after  the  first  paracentesis,  show  a  steady  improve- 
ment. 

2.  Blood  Counts. — In  uncomplicated  cases  of  mastoiditis  the  blood  count 
is  usually  normal  and  is  not  of  much  help  in  deriding  for  or  against  operation. 
However,  in  certain  cases  the  absence  of  an  abnormal  count  is  of  help  in  ruling 
out  a  complication  (sinus  thrombosis,  meningitis,  pneumonia,  etc.).     Bacon, 
however,  believes  that  a  rising  polynuclear  count  in  a  case  of  mastoiditis  usually 
indicates  that  the  case  is,  or  will  become  one  which  should  be  operated  upon. 

3.  Blood  Cultures. — Positive  blood  cultures  are  of  great  aid  in  the  diag- 
nosis of  sinus  thrombosis,  provided  other  sources  of  positive  cultures  outside 
the  ear  can  be  excluded,  and  in  cases  where  the  diagnosis  of  sinus  thrombosis 
has   been   established   they   form   one   of   the    indications   for   the    resection 
of  the  jugular  vein.     Negative  blood  cultures  have  no  diagnostic  value.     In 
the  majority  of  instances,  ear  disease  plus  a  positive  culture  means  a  sinus 
thrombosis  if  other  sources  of  positive  culture  can  be  excluded   with  cer- 
tainty. 

4.  X-ray. — X-rays  of  the  mastoid  have  now  been  perfected  so  that  in  con- 
junction with  the  clinical  symptoms  they  give  valuable  information  as  to  the 
pathological  process  within  the  mastoid.     The  shape,  location,  and  character 
of  the  cells  in  the  mastoid  may  also  be  determined,  and  valuable  information 
may  be  elicited  before  operation  as  to  the  location  of  the  lateral  sinus.     Their 
greatest  value  is  in  differentiation  between  cases  of  furunculosis  and  mastoidi- 
tis which  show  swelling  and  edema  behind  the  ear,  and  in  which  a  view  of  the 
drum  cannot  be  obtained.     Pus  in  the  mastoid  is  indicated  by  an  abnormal 
cloudiness  or  shadow  together  with  a  blurring  of  the  cell  outlines.     Unfortu- 
nately, to  get  good  mastoid  X-rays  it  requires  an  expert  operator  and  one  skilled 
in  its  special  technic. 


MYRINGOTOMY    OR  INCISION  OF  THE  MEMBRANA  TYMPANI 

This  operation  is  of  immense  importance  in  the  cure  of  acute  otitis  media 

and  acute  mastoiditis. 
8B 
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Indications.— 1.  In  acute  otitis  media,  when  the  membrana  tympani  is 
red  and  bulging. 

2.  In  acute  otitis  media,  when  the  drum  is  red  and  the  patient  suffers 
severe  pain. 

3.  In  acute  otitis  media,  when  the  mastoid  symptoms  are  present. 

4.  In  subacute  catarrhal  otitis  media,  when  fluid  (mucus)  persists  in  the 
middle  ear. 

5.  In  cases  of  otitis  media,  where  resolution  is  delayed  by  obstructed 
drainage. 

6.  In  acute  exacerbations  of  chronic  otitis  media,  where  pus  is  retained 
in  the  attic  or  atrium. 

Anatomical  Considerations. — In  a  drum  needing  incision  the  normal  land- 
marks (see  page  94)  of  the  membrane  are  obscured,  but  their  position  in  the 
upper  and  anterior  portion  must  be  remembered  and  avoided.  It  must  also 
be  remembered  that  the  drum  is  placed,  not  at  right  angles,  but  obliquely 
i«>  the  long  axis  of  the  canal,  and  that  the  upper  part  of  the  membrane  is 
nearer  the  operator  than  the  lower  part.  The  inner  wall  of  the  middle  ear 
is  about  2  mm.  internal  to  the  drum  membrane,  and  this,  at  its  posterior  part, 
contains  the  foramen  ovale  and  stapes  above  and  the  foramen  rotundum  below. 
These  apertures  are  usually  protected  from  injury  by  the  overhanging  ledge 
of  the  posterior  canal  wall.  Through  the  upper  part  of  the  middle  ear  runs 
the  chorda  tympani  nerve;  its  injury  is  occasional  and  trifling.  It  must  like- 
wise be  remembered  that  Prussak's  space  is  almost  entirely  shut  off  from 
the  atrium  or  lower  part  of  the  middle  ear,  and  when  drainage  of  this  area  is 
necessary  the  incision  must  be  carried  above  the  posterior  fold  and  well  into 
the  membrana  flaccida.  Occasionally  the  jugular  bulb  lies  exposed  in  the 
floor  of  the  middle  ear  and  rarely,  by  a  dehiscence  in  its  canal,  the  facial 
nerve  is  separated  from  the  posterior  and  inner  part  of  the  middle  ear  cavity 
by  a  fibrous  membrane  only.  These  anatomical  anomalies  are  rare  and  need 
not  be  taken  into  serious  consideration.  In  general  then  the  posterior  and 
lower  portions  of  the  drum  membrane  are  available  for  incision. 

Instruments. — The  instruments  necessary  are: 

1.  Aural  specula. 

2.  Sterile  cotton  swabs. 

3.  Small  dull  ring  curet,  Bacon  model. 

4.  Aural  syringe,  small  pus  basin. 

5.  Paracentesis  knife. 
(;.     Sterile  cotton. 

7.  Sterile  boric  acid  solution. 
Klec.tric  head  light  or  head  mirror. 

The  knife  should  have  a  narrow  blade  %  in.  long,  and  a  shank  and  handle 
of  about  i;  in.  The  blade  and  handle  may  be  in  one  straight  line  or  the  shank 
aii'I  knife  may  he  set  at  an  angle  of  45°  on  the  handle.  Some  otologists  believe 
that  with  the  angular  knife  they  can  better  see  the  line  of  the  incision. 
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Anesthetic. — -Myringotomy  is  extremely  painful,  and  unless  there  is  some 
strong  centra-indication  this  operation  should  always  be  performed  under  a 
general  anesthetic.     For  adults  nitrous  oxid  is  preferable;  for  children,  ether 
administered  to  the  primary  stage,  or  a  small  amount   of  chloroform     62 
lions   to   this    rule   being   infants    under   «l   months   of  If   tin-    patient    is 

under  an  anesthetic,  the  operator  can  proceed  with  greater  accuracy  and 
deliberation.  If  the  operation  is  attempted  without  an  ai  <  .  the  operator 

must  be  content  with  an  inaccurate  and  hurried  stab  at  the  drum  membrane, 
and  no  matter  how  great  the  patient's  fortitude  and  no  matter  how  firmly  he 
may  he  held,  a  flinching  movement  of  the  head  is  unavoidable. 

As  a  poor  substitute,  and  as  a  means  of  lessen  ing  the  pain  when  the  gen- 
eral anesthetic  is  not  obtainable,  a  fresh  4  per  cent,  solution  of  coca  in  in  equal 
parts  of  anilin  oil  and  95  per  cent,  alcohol  may  be  used  as  a  local  an«-stl»«-ii<-. 
A  pledget  of  cotton  is  saturated  with  this  solution  and  packed  gently  against 
the  drum.  This  is  allowed  to  remain  for  10  minutes.  Care  must  be  taken, 
in  cases  in  which  there  has  been  a  previous  incision  or  a  large  perforation, 
that  the  solution  does  not  run  down  the  eustachian  tube  into  the  throat  and 
cause  acute  cocain  poisoning. 

It  is  beyond  the  province  of  this  article  to  discuss  the  various  merits  of 
ether  and  chloroform;  from  the  standpoint  of  the  operator  there  is  no  choice. 
Frequently  in  children,  especially  in  the  neighborhood  of  New  York  City, 
acutely  inflamed  drums,  requiring  incision,  are  seen,  which  are  simply  part 
and  parcel  of  a  severe  infection  of  the  entire  respiratory  tract,  i.  e.  pharynx, 
trachea,  bronchi,  and  lungs.  At  the  onset,  signs  in  the  lungs  are  indistinct, 
only  to  develop  later. 

On  this  account  I  have  been  in  the  habit  of  using  chloroform  instead  of  ether, 
unless  the  lungs  can  be  ruled  out  with  certainty.  While  perhaps.  <>n  -reneral  theoretical 
grounds,  the  routine  administration  of  ether  would  be  safer,  I  have  never  s«vn  any 
ill  effects  from  the  use  of  chloroform  in  this  connection,  when  administered  slowly, 
with  plenty  of  air  and  by  a  competent  anesthetist.  In  either  case  only  a  small  amount 
of  anesthetic  is  necessary. 

Preparation. — The  instruments,  with  the  exception  of  the  knife,  must  be 
sterilized  by  boiling.  The  knives  are  sterilized  by  dipping  in  liquid  phenol 
and  then  in  alcohol. 

It  is  impossible  to  render  the  auditory  canal  sterile.  It  may  be  efficiently 
cleansed  by  syringing  it  with  a  warm  boric  acid  solution  and  drying  it  gently 
with  sterile  cotton  swabs.  Further  efforts  at  sterilization  are  inefficient  and 
unnecessary. 

Line  of  Incision. — This  should  be  a  curvilinear  incision,  beginning  below 
at  the  most  dependent  part  of  the  drum,  and  hugging  the  posterior  border, 
extending  upward  to  the  posterior  fold,  and  if  Shrapnel  1's  membrane  is  in- 
volved, through  the  posterior  fold  well  into  Prussak's  space.  In  cases  of 
mastoiditis,  where  there  is  drooping  of  the  posterosuperior  canal  wall,  at  the 
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completion  of  the  above  incision,   the  blade  of  the  knife  should  be  turned 

upward  and  backward,  and  then  drawn  outward  along  the  canal  wall  for  the 

distance  of  v/|   in.,  incising  these  tissues  to  the  bone. 

If  the  operator  is  inexperienced  and  if  the  posi- 
tion of  the  landmarks  is  doubtful,  the  drum  may  be 
incised  from  the  umbo  downward  to  the  floor  of  the 
canal.  This  incision  is  not  ideal,  but  in  the  majority 
of  cases  furnishes  adequate  and  useful  drainage. 
The  knife  should  be  held  in  the  hand  like  a  pen,  the 
blade  upward.  It  should  be  inserted  through  the 
entire  thickness  of  the  drum  membrane  and  not  sim- 
ply scratch  its  surface.  Neither  should  it  be  inserted 

Fio.  i.— DRUM  MEMBRANE  too  far  through  the  drum  and  allowed  to  injure  the 
THE  LANDMARKS  EIroIOTH°E  mucous  membrane  of  the  inner  wall.  The  curvilinear 
USUAL  INCISION.  incision  forms  a  narrow  flap  that,  when  pushed  out- 

ward by  the  discharge,  gives  a  larger  aperture  than 

one  formed  by  pushing  apart  the  edges  of  a  perfectly  straight  incision. 

After  the  incision  there  is  usually  free  bleeding,  the  blood  is  allowed  to  clot  in  the 
canal  for  10  minutes  and  is  then  removed  with  the  syringe.  If  this  is  not  done,  it 
tends  to  remain  in  the  canal  and  defeat  the  end  of  the  operation,  i.  e.  free  and  imme- 
diate drainage.  After  the  blood  clot  is  removed,  a  plug  of  sterile  cotton  is  loosely 
placed  in  the  ear  to  be  changed  as  frequently  as  it  becomes  saturated  with  the  dis- 
charge, and  the  patient  is  placed  on  irrigations  of  a  boric  acid  or  a  normal  salt  solution. 
The  ear  should  be  irrigated  at  first  at  3-hour  intervals  and  later  less  frequently  as  the 
discharge  lessens. 

Dangers  of  Myringotomy. — DISLOCATION  OF  THE  STAPES,  PERFORATION 
OF  THE  OVAL  WINDOW  WITH  SUBSEQUENT  INVOLVEMENT  OF  THE  LABY- 
RINTH.— The  two  factors  causing  this  are:  (a)  the  clumsy  inexperienced 
operator;  (b)  incising  the  drum  from  above  downward  instead  of  from  below 
upward,  and  carrying  the  knife  too  far  inward  at  the  start,  engaging  the  stapes 
and  tearing  it  out  of  the  oval  window.  This  danger  is  remote  as  the  stapes  is 
usually  protected  by  the  facial  ridge. 

PERFORATION  OF  THE  JUGULAR  BULB  FACIAL  NERVE  OR  INNER  WALL 
OF  THE  MIDDLE  EAR. — These  dangers  are  extremely  rare  and  can  be  caused 
only  by  extreme  roughness  or  congenital  malformations  of  the  middle  ear. 

FRACTURE  OF  THE  MANUBRIUM  OF  THE  MALLEUS.— This  accident  may 
be  caused  by  an  inexperienced  operator  incising  the  center  of  the  drum  instead 
of  its  posterior  border. 

INCISION    OF   THE    CANAL   W ALL.  -The  most  frequent  mistakes  are :     (1)  At- 

)tmg  to  incise  a  red  and  swollen  posterior  canal  wall  instead  of  the  drum.     This 

Bke  occurc  when  the  membrana  tympani  seems  to  shade  insensibly  into  the  pos- 

canal  wall,  no  line  of  demarcation  apparently  visible.     This  can  usually  be 

avoided  as  follows : 
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Observe  carefully  the  juncture  of  the  drum  with  the  floor  of  the  canal, 
and  at  the  posterior  part  this  line  will  he  seen  t«.  curve  upward,  and  an  im- 
aginary semicircular  line  projected  upward  from  this  p.,int  will  -ive  us  the 
posterior  border  of  the  drum  nieiiihuine.  Kerris.m  ( :; )  avoids  this  error 
by  searching  for  the  hammer  handle,  which  nixed  by  a  linear  depres- 

sion in  the  bulging  drum  membrane,  lie  then  makes  his  incision  H/4  mm. 
posterior  to  this. 

2.  INADEQUATE  INCISION  OF  THE  MEMBRANK.  Inadequate  or  partial 
incision  of  the  drum  membrane. 

In  some  cases  of  otitis  media,  where  the  proceae  ha-  !>«•<  n  a  slow  one  and 
mild  in  character,  the  drum  becomes  considerably  thiekened.  In  these,  unless 
the  operator  is  careful,  he  is  apt  to  incise  the  miter  layer  instead  of  the  entire 
thickness  of  the  drum.  Considerable  force  is  often  required  to  push  the  knife 
through  the  thickened  drum.  When  this  has  been  successfully  accomplished, 
the  operator  has  the  sense  of  cutting  through  a  soft  leathers  substance  into  a 
free  cavity  beyond. 

A  short  incision  is  often  caused  by  a  premature  withdrawal  of  the  knife. 

Results:  Behavior  of  Drum  after  Incision.-  No  apprehension  need  be  ex- 
perienced of  leaving  a  permanent  perforation.  The  major  part  of  the  incision 
heals  in  from  24  to  48  hours,  leaving  a  small  opening  for  drainage,  which 
heals  later.  Severe  pain  is  almost  immediately  relieved  and  immediate  drain- 
age is  established.  Re-incision  is  necessary  in  a  certain  number  of  cases. 


FURUNCLE  OF  THE  AUDITORY  CANAL 

(Otitis  Externa  Circumscripta) 

Incision  of  a  furuncle  of  the  external  auditory  canal  is  indicated  in  the 
following  cases: 

1.  In  the  stage  of  abscess  as  indicated  by  fluctuation,  redness  and  pouting 
of  the  furuncle. 

2.  Before  the  stage  of  pus  formation,  where  pain  is  extreme  and  not 
relieved  by  other  measures. 

A  furuncle  is  an  infection  of  a  sebaceous  gland  in  the  fibrous  canal  wall. 
The  bottom  of  the  gland  rests  almost  against  the  cartilage  so  that  incision 
should  be  carried  down  to  the  cartilage  to  drain  it  effectively.  The  extreme 
pain  is  accounted  for  by  the  rich  nerve  supply  and  the  unyielding  nature  of 
the  surrounding  tissues.  I  prefer  to  postpone  incision  until  the  stage  of 
abscess  formation,  unless  forced  to  do  otherwise  on  account  of  the  extreme  pain, 
for  nature  by  that  time  has  erected  her  barriers  of  resistance,  and  subsequent 
infection  of  the  surrounding  tissue  is  less  likely. 

Instruments. — The  instruments  necessary  for  the  incision  of  a  furuncle  are : 

1.  Those  used  for  examination  of  the  drum  (see  paire  03). 

2.  Furuncle  knife.     This  resembles  a  myringotomy  knife,  but  the  blade 
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and  shaft  are  made  much  heavier  to  cut  through  the  more  resistant  tissues. 
In  case  of  emergency  an  ordinary  myringotomy  knife  may  be  used. 

Operative  Preparation.— 1.  The  ear  is  syringed  with  a  warm  boric  acid 
solution  and  afterward  dried  and  swabbed  out  with  95  per  cent,  alcohol. 

i'.     An  anesthetic  is  necessary  (see  Myringotomy).     Local  anesthetics  are 

not  efficient. 

Teehnic.— With  the  patient  under  the  anesthetic,  as  large  a  speculum  as 
possible  is  introduced  into  the  canal  until  the  furuncle  comes  into  view.  The 
knife  is  then  carefully  introduced  with  the  edge  toward  the  furuncle  until 
the  point  passes  just  beyond  its  inner  border.  The  point  is  then  pressed 
firmly  into  the  furuncle  and  the  knife  withdrawn,  incising  the  tissues  of  the 
furuncle  down  to  the  cartilage,  opening  well  into  the  abscess  cavity.  The 
small  curet  is  then  inserted,  the  cavity  gently  curetted,  and  the  "core,"  if 
anv,  of  the  abscess  removed.  A  small  wick  of  gauze  is  placed  in  the  cavity  and 
a  wet  dressing  (aluminum  acetate  10  per  cent.)  applied  to  the  ear  and  al- 
lowed to  remain  for  24  hours.  The  dressing  is  then  removed  and  the  ear 
irrigated  every  3  hours  with  a  warm  boric  acid  solution. 

Recurrence. — There  is  a  tendency  for  the  tissues  of  the  canal  to  become  re- 
infected  unless  the  irrigations  are  kept  up  for  some  time,  and  an  occasional 
application  of  95  per  cent,  alcohol  made  to  the  canal.  It  is  needless  to  state 
that  the  general  resistance  of  the  patient  should  be  increased  by  appropriate 
general  treatment.  I  have  found  the  use  of  a  mixed  staphylococcus  vaccine 
(stock  vaccine)  especially  useful  in  the  prevention  of  re-infections. 
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Operating  Table. — The  usual  operating  table  is  too  low.  For  the  operator  of  aver- 
:i<rr  bright  the  table  top  should  be  about  36  in.  from  the  floor.  In  addition  to  the  table, 
several  small  sand  bags  should  be  available  for  the  adjustment  of  the  patient's  head 
and  shoulders. 

Instrument  Table. — This  is  usually  a  flat  table  about  36  in.  by  20  in.  On 
this  the  instruments  should  be  conveniently  arranged  in  a  stated  manner. 
When  an  instrument  has  been  used  it  is  immediately  cleaned  by  the  instru- 
ment nurse  and  laid  in  its  accustomed  place  on  the  table.  In  this  way  the 
operator  can  tell  at  a  glance  the  exact  location  of  his  instruments,  and  the 
consumption  of  valuable  time  in  hunting  for  them  is  avoided. 

Anesthetist's  Shield, — The  following  device  has  been  used  for  the  past  year 
with  "Tent  satisfaction  at  the  New  York  Eye  and  Ear  Infirmary.  It  consists 
metal  sheet  (\\/.2  in.  by  9  in.,  swung  from  one  end  by  a  metal  frame.  This 
frame  consists  of  a  horizontal  and  a  vertical  portion.  The  horizontal  portion 
i-  -lipped  under  the  pad  on  the  operating  table,  at  the  patient's  head,  and  the 
metal  sheet  swung  over  so  that  it  rests  on  the  patient's  face,  with  its  edge 


SPECIAL   TECHNIC   IN   AURAL   CASES  103 

about  an  inch  in  front  of  the  patient's  ear.     Tin-  sheet  supports  the  towels 
and  the  hand  of  the  assistant  holding  the  retractor,     it  givee  the  anesti 
at  ;ill  times  a  good  view  of  the  patient's  face  and  lessen.-  the  chances  ,,f  wound 
infection  from  this  source. 

Local  Preparation.— 1.     Shave  the  head,   including  hair   for  an  area 
in.  around  the  ear.     Irrigate  the  auditory  canal  with  a  warm  bichlorid  solution 
1  :.\nno.     Nurse's  hands  are  now  sterili/ed. 

2.  Scrub  above  area  with  green  soap,  sterile  water,  and  then  alcohol  and 
ether.     Flush  with  a  bichlorid  solution  1  :l,nnn. 

3.  Tampon  canal  with  sterile  gauze,  apply  wet  dressing  bichlorid  1  :i>,000 
and  usual  mastoid  bandage. 

When  the  patient  has  been  placed  on  the  table,  the  handane  is  can-full  v 
removed  by  the  anesthetist  without  touching  the  dressing,  and  the  first  assistant 
removes  the  dressing,  surrounds  the  field  with  sterile  towels  and  applies  tinc- 
ture of  iodin  to  the  operative  field. 

Ordinary  Mastoid  Dressing. 

1.  Canal  packing,  fine  gauze,  %  in.  wide  by  0  in.  Inn-. 

2.  Mastoid  packing,  2  pieces,  %  in.  wide  by  18  in.  long. 

3.  Crescentic  piece  of  gauze  to  be  placed  over  mastoid  wound. 

4.  Fluff  gauze,  1  piece,  36  in.  by  18  in. 

5.  Cotton  wadding,  4  in.  square  by  1  in.  thick. 

6.  Bandage,  10  yds.  long  by  2  in.  wide. 
Sinus  Thrombosis  (Neck)  Dressing. 

1.  Three  flat  gauze  pads,  4  in.  by  8  in. 

2.  Gauze  roller,  4  in.  by  5  yds.,  containing  6  layers  of  gauze. 

3.  Cotton,  8  in.  by  14  in.,  1  in.  thick. 

4.  Two  bandages,  15  yds.  by  2  in. 

Mastoid  Sponges. — These  are  convenient  for  sponging  in  the  interior  of  the 
mastoid  wound.  They  are  easily  formed  by  cutting  gauze  9  in.  square.  Much 
square  is  then  grasped  in  the  center  and  pulled  through  the  fingers,  forming  a 
narrow  piece  of  irregularly  folded  gauze.  The  pieces  are  wrapped  in  packages 
and  sterilized  ready  for  use. 

Solutions. — The  solutions  necessary  on  the  instrument  table  are: 

1.  Boric  acid  solution  (saturated)   in  a  flat  metal  dish  for  cleaning  in- 
struments. 

2.  Warm  normal  salt  solution. 

3.  Adrenalin,  1:1,000  (radical  operations). 

Preparation  of  Operator. — The   ordinary  operator's   and  assistant's   rubber 
gloves,  operating  gowns,  and  face  masks  are  suitable. 
Instruments. — FOR  SIMPLE  MASTOID. 

1.  Paracentesis  knife. 

2.  Aural  specula. 

3.  Aural  applicator  and  cotton. 

4.  Syringe    (rubber  or  metal)    and  pus  basin. 
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5.  Scalpels  (2)  kept  in  alcohol. 

6.  Artery  clamps  (12-18). 

7.  Retractors,  2  sharp  small  1  in.  or  self-retaining  (Jansen)    (Allport). 

8.  Periosteal  elevator,  Langenbeck's. 

9.  Probes,  large  and  small,  grooved  director. 

10.  Mallet   (wood  or  metal). 

11.  Chisels,  Whiting  pattern,  3  sizes. 

12.  Gouges,  Whiting  pattern,  3  sizes,  and  1  small  gouge  for  labyrinth. 

13.  Rongeur  forceps  (4). 

Bayne's  pattern. 
Brandegee's  pattern. 
Mnthieu's  pattern. 
Bacon's  pattern. 

14.  Curets  (12). 

G  Sprats  or  Volkmann,  sizes  0  to  5. 
6  Richards,  sizes  0  to  5. 

15.  Forceps. 

2  plain. 

2  mouse-toothed. 

16.  Scissors. 

1  straight. 

1  curved  on  flat. 

17.  Needles,  No.  6  Hagedorn  and  needle-holder  (universal),  or  Michel 
clamps  and  instruments. 

MISCELLANEOUS. 

6  safety  pins  for  towels. 

Plain  and  iodoform  gauze  (5  per  cent.). 

Silkworm-gut. 

No.  2  plain  gut  ligatures. 

Bone  wax. 

Extra  sterile  towels. 

FOR  RADICAL  MASTOID.— In  addition  to  above: 

1.  Flap  knives  J1  sharP' 

II  probe  pointed. 

2.  Whiting  retractor  or  Stacke  retractor. 

3.  Vjmkauer's  eustachian  curets  (3). 

FOR  SKIN  GRAFTING. 
1.      Pipet. 

Small  cotton  pledgets  rolled  in  aristol. 
3.     Two  strips  narrow  packing,  plain. 


SPECIAL   TECHNIC   IN   AURAL   CASES  105 

On  an  extra  tall*-: 

1.  Skin    iinil'ting   razor. 

2.  1  pair  graft  scissors. 

3.  4  glass  slides,  2  in.  by  4  in. 

4.  2  spatulas. 

2  teasers. 
2  packers. 

5.  1  bowl  of  warm  normal  salt  solution. 

6.  C  towels. 
Adhesive  plaster. 
Silver  foil. 

T.     Leg  dressing. 

FOR  LIGATION  OF  JUGULAR  VEIN.—  In  addition  t,,  maMon!  instruments. 


1.  Aneurysm  needle  *  ?^n  ***«**>  8everal  tube8' 

IJNo.   1  iodized  catgut,   several  tubes. 

2.  Wide  iodoform  packing. 

3.  Long  sandbag. 

4.  Cigarette  drain. 

5.  6  extra  hemostats. 

FOR  BRAIN  CASES. 

1.  Mastoid  instruments. 

2.  6  extra  hemostats. 

3.  Brain  knife. 

4.  Whiting's  encephaloscope. 

5.  Brain  retractors  (2). 

6.  Cigarette  drains. 

FOR  LUMBAR  PUNCTURE. 

1.  Luer  syringe. 

2.  Long  needles  with  sharp  stilet,  1  mm.  inside  bore. 

3.  Collodion. 
Cotton. 

4.  Green  soap. 
Sterile  water. 
lodin. 
Alcohol. 

Preparation  for  Skin  Grafts. 

1.  Shave  area   (thigh). 

2.  Scrub  thoroughly  with  green  soap  and  water. 

3.  Flush  with  sterile  water. 

4.  Flush  with  alcohol. 

5.  Flush  with  bichlorid  1  :2,000. 
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6.  Flush  with  saline. 

7.  Apply  sterile  dressing. 

USB    OF    INSTRUMENTS 

Mastoid  Curet-Mastoid  curets  are  of  two  types    the  spoon-shaped  curet 
of  which  the  Volkmann  curet  is  typical,  and  the  bowl-shaped  curet,  of  which 
the  Whiting  and  Richards  curets  are  examples. 

To  do  satisfactory  bone  work  curets  should  be  sharp. 
They  must  be  resharpened  as  frequent- 
£t  /%          ly  as  is  necessary  to  keep  the  edges  in 
If   W          keen  condition.      Care  must  be  taken 
that  they  are  sharpened  by  grinding  the 
/  \     II  inner  surface  of  the  spoon  or  bowl,  and 

not  simply  by  grinding  away  their  ex- 
ternal periphery. 

To  work  with  a  dull  curet  is  tedious  to 
the  operator  and  dangerous  to  the  patient. 
This  may  seem  paradoxical,  but  the  force 
required  to  make  a  dull  curet  do  its  work 
is  a  menace  to  the  dura  or  sinus,  should  the 
instrument  slip  or  accidentally  encounter 
one  of  these  structures  out  of  its  normal 
position.  It  is  a  sound  operative  axiom  in 
doing  mastoid  work  to  use  as  large  an  in- 
strument as  can  efficiently  work  in  the 
operative  cavity. 


Fio.   2. — SPRATT'S  Cu- 


To  American  otologists  must  be 
given  the  credit  for  the  development  of 
the  technic  with  the  curet  and  the 
rongeur  forceps. 


FIG.    3. — RICHARDS' 
CURET. 


The  curet  should  not  be  used  to  pry  away  large  pieces  of  bone  in  a  haphazard 
manner,  but  has  certain  definite  uses  which  the  writer  will  endeavor  to  describe.  They 
are  as  follows : 


1.  AS  A  PLANING  INSTEUMENT. — This  is  useful  to  break  down  masses 
of  cell  partitions  where  the  bone  is  fairly  soft.  Examples  of  this  are  seen 
in  the  completion  of  the  initial  groove  and  the  removal  of  the  cellular  tissue 
from  the  antrum  backward  between  the  knee  of  the  sinus  and  the  dura.  The 
work  is  clone  with  the  extremity  of  the  instrument.  The  curet  is  held  with 
the  bowl  toward  the  operator,  and  the  hand  of  the  operator  well  up  toward 
the  top  of  the  handle.  The  curet  is  held  in  the  fingers,  and  the  thumb  is  either 
braced  against  the  top  of  the  handle  or  else  is  aiding  the  fingers  in  their  grasp. 
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The  motion  is  a  hoeing  motion,  toward  the  operator,  with  ti<:ht  pressure  on 
the  bone.  This  is  rapidly  and  frequently  repeated.  It  is  armmplUhod  chioiiy 
l»\  I  lie  wrist,  but  partly  by  a  movi-nn-nt  •  •!'  tin-  tinkers. 

2.    AS  A  ROTARY  CUTTING  INSTRUMENT.— It    is    thus    used    to    remove 


FIG.  4. — THE  CURET  AS  A  PLANING  INSTRUMENT — THE  BEGINNING  OF  THE  STROKE.     Note  position 

of  fingers  and  wrist. 

small,  projecting  pieces  of  bone,  or  is  efficient  in  removing  thin  layers  of  bone 
overlying  the  vital  structures.  While  not  as  rapid  as  the  first  method,  this  is 
safer.  The  curet  is  grasped  chiefly  with  the  index  finger  and  thumb,  the 
tips  of  the  other  fingers  holding  the  instrument  against  the  thenar  eminence. 


FIG.  5. — THE  CURET  AS  A  PLANING  INSTRUMENT — THE  END  OF  THE  STROKE.     Note  position  of  fingers 

and  wrist. 


The  curet  is  held  at  its  desired  location  by  the  thumb  and  index  finger  of 
the  other  hand,  and  the  bone  scraped  away  by  a  rapid  rotary  motion  of  the 
wrist.  Here  the  side  and  not  the  extremity  of  the  curet  does  the  work.  In 
this  manner  the  curet  may  also  be  used  as  a  boring  instrument,  but  this 
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should  be  done  sparingly  and  only  by  experienced  operators,  as  there  is  danger 
in  penetrating  the  underlying  structures.  In  this  rotatory  movement,  properly 
executed  the  direction  of  the  force  applied  to  the  instrument  is  parallel  to 
the  vital  structures  beneath  the  bone,  and  if  the  instrument  slips,  these  are  in 
less  danger  of  being  injured  than  if  the  force  be  applied  directly  against 

e!3.    FOR  REMOVING  PARTICLES  OF  BONE.— The  curet  may  also  be  prop- 
erly used  for  prying  small  thin  pieces  of  bone  away  from  the  dura  or  sinus. 

Small  pieces  only  are 
taken  away  at  a  time, 
and  only  enough  re- 
moved in  this  manner 
to  enable  the  operator 
to  easily  use  the  ron- 
geur forceps. 

TYPES.. T  h  e 

Volkmann  curet  is 
useful  both  in  the  sim- 
ple and  radical  opera- 
tions. The  curets  of 
the  Richards  type  find 
their  special  field  in 
the  radical  operation. 
The  Richards  curet  is 
made  with  a  heel  which  can  be  effectively  used  as  a  fulcrum.  When  used  as  a 
planing  instrument,  the  face  of  the  curet  should  be  kept  as  parallel  to  the  bone 
as  is  possible,  and  the  bone  rapidly  removed  in  thin  shavings.  The  intelligent 
use  of  this  instrument  eliminates  to  a  marked  degree  the  necessity  for  a  chisel 
in  the  radical  operation. 

By  using  the  bone  or  fingers  as  a  fulcrum  and  by  a  dipping  and  upward 
movement,  the  operator  can  plane  away  the  bone  from  the  interior  of  the 
cavity,  working  from  within  outward.  This  type  of  curettage  is  especially 
useful  in  lowering  the  facial  ridge,  the  outer  wall  of  the  hypotympanum,  and 
in  removing  the  outer  anterior  wall  of  the  attic. 

Rongeur  Forceps. — These  instruments  are  the  time  savers  in  a  mastoid 
operation.  They  have  one  main  function,  to  bite  away  projecting  or  over- 
hanging portions  of  bone.  The  fragment  to  be  removed  should  be  grasped 
firmly  by  the  blades  of  the  instrument,  and  as  they  are  closed  the  rongeur 
should  be  prevented  from  slipping  by  the  thumb  and  finger  of  the  other  hand. 
'The  fragment  should  be  cut  through  cleanly,  and  there  should  be  no  wrench- 
ing or  twisting  motion,  as  this  is  liable  to  extend  a  line  of  fracture  outside 
the  fragment  to  be  removed.  Occasionally  the  rongeur  is  used  as  a  curet,  i.  e. 
one  blade  engaged  firmly  and  the  other  drawn  toward  it  with  a  scraping 
motion.  To  save  time  the  operator  should  use  a  rongeur  whenever  he  can 


FIG.  6. — MATHIEU'S  RONGEUR  FORCEPS. 
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s;ifcly  do  so.     The  danger  in  the  injudicious  use  of  this  instrument  is  the 
l» inching  or  tearing  of  the  dura,  sinus  or  nerve. 

Chisels  and  Gouges.-  These  are  of  various  types  and  sizes.  Personally  I 
have  found  the  Whiting  pattern  the  most  satisfactory.  The  jarring  of  tin- 
head  by  the  repeated  impact  of  the  mallet  against  the  chisel  is  a  considerable 


FIG.  7. — BACON'S  RONOEUR  FORCEPS. 

factor  in  operative  shock  and  in  the  dissemination  of  septic  foci  to  various 

parts  of  the  body.     To  obviate  this  the  chisels  and  gouges  should  always  be 

sharp,  and  should  be  used  only  when  the  bone  cannot  be  readily  removed  by  any 

other  instrument.     When  used  with  discretion,  they  form 

a  most  valuable  adjunct  to  the  curet  and  rongeur  forceps. 

\Yhen  operating  on  an  eburnated  or  sclerotic  bone,  they  are 

indispensable. 

It  has  been  an  observation  of  mine  that  the  postoperative  pain 
and  discomfort  bear  quite  a  direct  relation  to  the  degree  to  which 
a  chisel  or  gouge  has  been  used.  In  employing  them,  the  bone 
should  be  removed  in  thin  layers  by  light  and  oft-repeated  taps  of 
the  mallet,  and  as  a  rule  the  chisel  or  gouge  should  be  held  as 
nearly  parallel  as  possible  to  the  vital  structure  underlying  the 
bone.  Personally  I  prefer  an  instrument  with  a  fairly  large 
handle,  i.  e.  of  the  Whiting  type.  Other  operators  favor  chisels 
:uid  gouges  having  no  handles  (Schwartze).  It  is  convenient  to 
have  4  or  5  sizes  of  each,  although  I,  for  the  past  4  years,  have  used 
but  2  sizes,  large  and  small. 

If  the  operator  wishes  the  chisel  to  engage  the  bone  rather 
deeply,  he  should  turn  the  flat  side  toward  the  bone.  Then 
at  each  tap  the  chisel  will  penetrate  a  little  more  deeply  into 
the  bone. 

If  he  wishes  to  take  off  a  very  thin  shaving,  and  is  fear- 
ful of  penetrating  the  deeper  structures,  he  should  chisel 
with  the  beveled  edge  turned  toward  the  bone.  The  chisel 
then  has  a  tendency  to  cut  the  bone  parallel  to  its  surface 
instead  of  penetrating  more  deeply. 

Other  special  instruments  will  be  mentioned  in  describ- 
ing the  operative  procedures  requiring  their  use. 


Fro.  8. — WHITING'S 
MASTOID  CHISEL 
AND  GOUGE. 


In  conclusion,  it  is  hardly  necessary  to  call  attention  to  the  danger  of  injuring 
the  sinus,  dura  or  facial  nerve  by  the  slipping  of  a  chisel  or  gouge,  and  to  its  remedy, 
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grasping  the  instrument  firmly  in  the  hand  and  using  the  mallet  with  gentle  and 
frequentiapl  The  operator  should  train  himself  to  look  not  at  the  mallet,  but  at  the 
point  of  the  instrument. 

REMOVAL  OF  FOREIGN  BODIES  IN  THE  EAR 

Indications.— All  foreign  bodies  that  cannot  be  removed  through  the  au- 
ditory canal  without  injury  to  the  drum  membrane,  or  extreme  laceration  of 
the  auditory  canal,  require  operative  treatment.  These  are  the  hard  solid 
bodies  (beads,  buttons,  etc.)  which  almost  completely  fill  the  canal  and  which 
have  been  pushed  in  beyond  the  isthmus.  Operative  treatment  is  often 
made  necessary  by  the  inexperienced  efforts  of  the  previous  attendant. 

Operation.— PEEP AEATION  OF  PATIENT.— See  Acute  Mastoiditis. 

INSTRUMENTS. — The  instruments  necessary  are  those  employed  for  mas- 
toid  operation,  and  in  addition: 

(1)  Foreign  body  hook. 

(2)  A  pair  of  strong  angular  forceps. 

TECHNIC. — A.  The  regular  incision  for  the  mastoid  operation  is  made 
(omitting  the  horizontal  incision),  and  the  anterior  periosteal  flap  elevated  as 
far  forward  as  the  posterior  canal  wall. 

B.  The  posterior  and  upper  part  of  the  membranous  canal  is  carefully 
separated  from  the  bone  with  a  small  curet  or  periosteal  elevator. 

C.  The  canal  is  now  held  forward  with  a  narrow  retractor  and  removal 
of  the  foreign  body  is  attempted  with  forceps  or  curet. 

D.  If  the  above  method  of  removal  is  unsuccessful,  enough  of  the  postero- 
superior  canal  wall  is  cut  away  to  gain  free  access  to  the  foreign  body.     In 
case  the  body  has  been  pushed  within  the  tympanum  and  cannot  be  extracted 
by  this  last  procedure,  the  tympanic  cavity  must  be  opened  after  the  manner 
of  a  radical  operation. 

K.  When  the  foreign  body  has  been  removed,  the  membranous  canal  is 
replaced  and  the  posterior  wound  sutured,  the  canal  snugly  packed  with  sterile 
ir;mze,  and  the  usual  mastoid  dressing  is  applied.  The  canal  packing  is  re- 
nmvcd  in  three  or  four  days,  and  the  posterior  dressing  can  usually  be  dis- 
pensed with  in  a  week  to  ten  days,  provided  primary  union  has  taken  place.  If 
the  posterior  dressing  is  taken  off  too  early,  before  union  has  become  firm, 
sagging  of  the  ear  is  apt  to  occur. 

WOUNDS  OF  THE  EAR 

For  lacerated  wounds  of  the  auricle  and  auditory  canal,  the  ear  should 
undergo  the  usual  operative  preparation.  (See  Mastoid  Operation.)  Under 
a  creneral  anesthetic,  if  necessary,  and  with  aseptic  precautions,  the  edges  of 
the  wound  must  be  approximated  with  interrupted  silk  sutures.  These  sutures 
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should  not  include  the  perichondrium.  If  the  fibrous  canal  has  been  torn  from 
its  bony  attachment,  it  should  be  replaced  ami  snuirly  packed  with  sterile 
-aii/(.  A  ID  per  cent,  aluminum  acetate  wet  dressing  is  applied,  a  flat  com- 
press iii-iiiii-  plarril  hehind  the  ear,  another  over  the  ear,  and  over  this  tin-  usual 
niastnid  dressing. 

Bullet  wounds  of  the  ear  are  treated  in  the  same  manner. 

For  the  removal  of  bullets,  splinters,  etc.,  see  Foreign  Bodies.  Their  im- 
mediate removal  is  indicated. 


THE  SIMPLE  MASTOID  OPERATION 

(Simple   Mastoidectomy,   Complete   Mastoid   Operation) 

The  object  of  this  operation  is  twofold,  first  to  eradicate  a  suppurative 
focus  in  the  antrum  and  mastoid  cells,  and  second  to  cure  the  acute  otitis  by 
increased  drainage  of  the  middle  ear.  This  is  accomplished  by  rem«»\ 'inir  the 
mastoid  cortex,  widely  opening  the  antrum  and  by  a  thnnmirh  cxenteration  of 
the  diseased  mastoid  cells,  forming  one  large  cavity  which,  at  its  upper  and 
anterior  part,  communicates  with  the  middle  ear  by  the  adifux. 

All  cases  of  acute  mastoiditis,  secondary  to  acute  otitis  media,  may  clini- 
cally be  divided  into  two  classes: 

1.  Those  that  recover  under  palliative  treatment,  i.  e.  myringotomy,  irri- 
gations, rest  in  bed,  catharsis,  etc. 

2.  Those  that  require  operation. 

In  private  practice,  about  70  per  cent,  of  the  cases  of  acute  mastoiditis 
are  cured  by  the  above  measures  without  mastoid  operation.  The  remaining 
30  per  cent,  require  operative  treatment.  In  hospital  and  dispensary  practice 
the  percentage  of  cases  requiring  operation  is  much  higher,  owing  to  unhy- 
gienic surroimdings  and  lowered  resistance. 

Indications.- — In  the  majority  of  cases  we  can  lay  down  no  hard  and  fast 
rules  for  operative  interference,  but  in  determining  the  O/V/V//MV  cases  of 
mastoiditis  we  must  take  into  consideration  the  following  factors: 

1.  Duration   of  the  process. 

2.  Condition  and  appearance  of  the   drum  membrane  and  canal  wall. 

3.  Character  and  amount  of  discharge. 

4.  Mastoid  tenderness  and  edema. 

5.  Pain. 

6.  Temperature. 

7.  Inciting  micro-organism. 

8.  General  constitutional  symptoms. 

9.  Symptoms  of  intracranial  complications. 

1.  DURATION. — The  longer  a  mastoiditis  has  existed  (without  steady  improve- 
ment) the  poorer  the  prognosis  as  regards  cure  without  an  operation.  It  must  be  re- 
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membered  also  that  the  restoration  of  hearing  is  more  rapid  and  more  complete  in 
those  cases  operated  on  soon  after  onset  than  in  those  operated  on  later  in  the  disease, 
as  will  be  seen  further  on.  The  duration  and  persistence  of  the  local  symptoms,  such 
as  pain,  tenderness,  discharge,  are  important  operative  indications. 

2.  APPEARANCE  OF  THE  DRUM   MEMBRANE   AND   CANAL  WALL.  —  The 
drum  membrane,  in  cases  of  acute  mastoiditis  of  considerable  duration,  is  apt 
to  have  a  thickened  and  soggy  appearance.     A  thick  and  soggy  drum  mem- 
brane,  that  shows   no   tendency   toward   resolution,    especially   when   accom- 
panied by  a  profuse  discharge,  is  a  fairly  characteristic  symptom  of  a  marked 
suppurative  condition  of  the  mastoid  process,  and  usually  calls  for  operation. 

Drooping  or  sagging  of  the  posterosuperior  canal  wall  adjacent  to  the 
dnii n,  when  present,  is  pathognomonic  of  suppuration  in  the  mastoid  antrum 
and  adjacent  cells,  and  is  a  positive  indication  for  operation.  Care  must 
be  taken  not  to  confuse  true  sagging,  which  is  due  to  an  extension  of  the  in- 
tla niiiiii t ion  to  the  periosteum  of  this  region,  with  the  swelling  of  a  furuncle, 
or  with  a  diffuse  swelling  of  the  canal  wall,  sometimes  seen  in  cases  in  which 
the  irrigations  have  been  too  hot  or  too  frequent.  It  usually  develops  2  or  3 
weeks  after  onset ;  in  exceptional  cases,  earlier.  Its  absence  is  of  no  negative 
value,  for  many  cases  of  operative  mastoiditis  have  no  drooping  of  the  canal 
wall. 

3.  AURAL  DISCHARGE. — Much  can  be  learned  by  observing  the  amount 
and  character  of  the  aural  discharge. 

1.  AMOUNT. — Immediately  after  incision  we  expect  and  desire  a  profuse 
discharge.     This  should  gradually  grow  less,  stopping  usually  in  from  10  days 
to  2  weeks.     If,  on  the  contrary,  it  grows  more  and  more  profuse,  it  indicates 
a  gradual  involvement  of  the  mastoid  cells.     A  very  profuse  discharge  of  3 
or  more  weeks'  duration  usually  indicates  a  mastoiditis  demanding  operation. 
This  profuse  discharge  is  invariably  accompanied  by  other  signs  of  mastoidi- 
tis, but  often  the  experienced  observer  can  make  the  diagnosis  on  this  symptom 
alone. 

Diminution  in  the  amount  of  the  discharge,  accompanied  by  a  lessening  in 
the  local  and  constitutional  symptoms,  indicates  that  resolution  is  taking  place. 

On  the  contrary,  diminution  in  the  discharge  accompanied  by  an  increase 
in  the  local  and  constitutional  symptoms,  denotes  inadequate  drainage  either 
of  the  middle  ear  or  mastoid  process.  If  no  change  for  the  better  follows 
immediate  myringotomy,  the  mastoid  process  is  at  fault  and  operation  is 
indicated. 

2.  CHARACTER. — Thick  creamy  pus  in  the  auditory  canal  usually  denotes 
mastoiditis.     If  this  is  of  a  dirty  greenish  color,  operation  is  usually  inevi- 
table.    The  absence  of  pus  of  this  character  does  not  rule  out  mastoiditis. 

The  pneumococcus  and  the  streptococcus  cases  are  frequently  characterized 
by  a  profuse  bloody  serous  discharge.  A  fetid  odor  from  the  discharge  in  an 
acute  case  indicates  an  extremely  virulent  process  with  bone  necrosis. 

4.  PAIN. — The  persistence  of  deep-seated  pain  in  the  mastoid  process  or 
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cranium  itself,  after  a  myringotomy,  is  an  indication  for  operation.  In  cases 
of  mastoiditis  that  recover  without  operation,  pain  ceases  soon  after  tin-  mvr- 
iniMttomy  has  heen  performed. 

Attacks  of  deep-seated  pain  occurring  during  the  course  of  a  mastoiditis 
of  considerable  duration  are  of  bad  prognostic  si-nilirancc.  These  cases  rarely 
reeuver  without  operation. 

5.  MASTOID  TENDERNESS.— Many  cases  of  acute  ..titis  show  more  m- 
tenderne>s  nver  the  ant  nun,  this  usually  clear in.ir  up  after  inyriniM»t<>my.     The 
significance  of  mastoid  tenderness  is  its  //r/-.s/.s7r/,r,<  after  m\  rinin>ton.y,  or  its 
onset  during  tlie  course  of  an  acute  otitis.     Increasing:  ma.-tuid  tenderness  indi- 
cates an  increasing  involvement  of  the  bone. 

The  mastoid  tenderness  at  onset,  if  due  to  simple  con-e-ti..n  <»f  the  hone, 
steadily  diminishes  after  myringotomy. 

Post  tip  tenderness  or  tenderness  over  the  mastoid  emissary  vein  occa- 
sionally clears  up  if  present  at  onset,  but  the  presence  of  tenderness  at  these 
points  during  the  course  of  the  disease  usually  denotes  a  serious  and  wide- 
spread involvement  of  the  mastoid  process.  On  the  other  hand,  let  it  be  borne 
firmly  in  mind  that  the  absence  of  mastoid  tenderness  does  not  rule  out  mas- 
toid involvement. 

Edema,  redness,  and  swelling  of  the  mastoid  process  (  furunculosis  ruled 
out)  are  posterior  indications  for  an  immediate  mastoid  operation. 

6.  TEMPEEATURE. — High  temperature  at  onset  not  accompanied  by  other 
symptoms  is  not  an  indication  for  operation.     On  the  other  hand,  hii:li  tem- 
perature persisting,  especially  after  myringotomy,  for  any  considerable  time, 
is  usually  an  operative  indication.     However,  we  must  be  extremely  careful 
to  rule  out  causes  of  use  of  temperature  other  than  in  the  mastoid  bone.     In  this 
connection  mention  must  also  be  made  of  persistent  though  slight  elevations  of 
temperature  in  cases  showing  few,  if  any,  other  symptoms.     Any  case  of  per- 
sistent aural  discharge  of  considerable  duration  (4  to  6  weeks)  that  runs  a  tem- 
perature, however  slight  (99°  to  100°),  must  be  regarded  with  suspicion.     It' 
examined  carefully,  the  majority  of  these  cases  show  other  signs  of  mastoid 
involvement,  and  usually  come  to  operation.     In  a  case  of  mastoiditis  that  is 
recovering  under  palliative  measures,  the  temperature  must  drop  to  normal 
and  stay  there. 

7.  NATURE  OF  INFECTION. — In  the  majority  of  cases  operation  is  de- 
cided upon  irrespective  of  the  type  of  infecting  micro-organisms.     In  a  certain 
number  of  borderline  cases  the  knowledge  of  the  kind  of  germ  causing  the 
suppuration  is  of  the  greatest  aid. 

I  agree  with  Dr.  Geo.  S.  Dixon  that  all  cases  of  streptococcus  capsulatus 
infection  that  do  not  show  steady  and  rapid  improvement  at  the  end  of  2  weeks, 
should  be  operated  upon.  In  other  words,  we  would  operate  upon  a  streptococ- 
cus case  where,  in  a  pneumococcus  or  staphylococcus  infection,  we  might  wait 
for  further  development  of  symptoms.  The  same  is  true,  though  to  a  lesser 

degree,  of  the  streptococcus  pyogenes  infections. 
9B 
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8.  GENERAL  CONSTITUTIONAL  SYMPTOMS. — Under  this  heading  I  place 
pallor,  anorexia,  furred  tremulous  tongue  and  insomnia.  These  symptoms 
are  present  in  every  well-marked  case  of  mastoiditis  of  considerable  duration. 
In  cases  where  the  local  symptoms  are  not  marked  or  are  masked,  a  persistence 
of  the  above  symptoms  after  myringotomy,  irrigations,  rest  in  bed,  etc.,  consti- 
tutes a  sound  basis  for  operative  interference, 

In  brief,  then,  every  case  of  acute  mastoiditis  under  incision,  aural  irri- 
gations and  rest  in  bed,  should  show  a  steady  diminution  in  the  local  and 
general  symptoms  until  complete  resolution  is  reached.  If,  however,  during  its 
course,  the  local  and  general  symptoms  show  a  tendency  to  increase  or  to  become 
stationary,  operation  should  be  considered;  and  if  symptoms  of  beginning 
intracranial  complication  are  present  or  develop  at  any  time,  immediate  opera- 
tion is  indicated. 

9.  COMPLICATIONS. — Symptoms  denoting  irritation  of  the  labyrinth,  i.  e. 
nystagmus,  vertigo,  nausea,  and  vomiting,  occurring  during  an  acute  mas- 
toiditis, demand  immediate  operation. 

Chills  and  extremely  high  temperature,  if  general  causes  can  be  excluded, 
usually  denote  involvement  of  the  dura  or  lateral  sinus  and  form  positive  opera- 
tive indications. 

ANATOMICAL    POINTS    TO    BE    NOTED 

In  a  simple  mastoid  operation  the  following  anatomical  points  must  be 
noted : 

1.  Surface  markings : 

(a)  Posterior  canal  wall. 

(b)  Spine  of  Henle,  suprameatal  spine. 

(c)  Posterior  root  of  zygoma. 

(d)  General  contour. 

2.  Internal  anatomy: 

(a)  Position  of  the  mastoid  antrum. 

(b)  Aditus. 

(c)  Vertical  portion  facial  nerve. 

(d)  Horizontal  semicircular  canal. 

(e)  Incus. 

(f)  Dura. 

(g)  Sinus. 

(h)     General  character  of  the  mastoid  cells. 

Surface  Markings.— After  exposing  the  mastoid  cortex  the  posterior  canal 

the  first  landmark  to  be  noted.     This  marks  the  anterior  limit  of  the 

affection  of  the  periosteum.     This  also  forms  the  anterior  boundary  of  the  so- 

Maceivens  triangle.     At  the  upper  part  of  the  posterior  canal  wall 

"<•"  .  or  less  well-marked  spine,  the  suprameatal  spine  or  spine  of 

Just  above  the  suprameatal  spine  and  extending  upward  and  backward  in 
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a  curved  direction,  is  seen  a  well-marked  ridge  of  bone,  the  posterior  root  of 
the  zygoma.  This  forms  the  upper  boundary  of  Macewens  triangle,  and  also, 

in  the  majority  of  skulls,  the  surface  guide  t«»  the  middle  fossa.     In  a  certain 
immhor  <•!'  casrs  the  dura  is  at  a  lower  level,  i.  e.  a  hori/nntal  lim-  pn>'. 
backward  from  the  suprameatal  spine. 

Macewens  triangle  is  an  imaginary  triangle  formed  by  the  po>tcrior  root 
of  the  zygoma  above,  and  by  the  posterior  canal  wall  below  and  anteriorly. 
Its  posterior  boundary  is  formed  by 
an  imaginary  line  dropped  verti- 
cally downward  from  the  posterior 
root  of  the  zygoma  to  the  posterior 
canal  wall.  It  is  of  importance  as 
a  guide  to  the  antrum.  If  this  tri- 
angle be  projected  inward,  in  a  di- 
rection slightly  forward  and  up- 
ward, at  a  variable  depth  of  14  to 
1%  inches,  it  will  be  found  to  in- 
clude the  mastoid  antrum. 

The  general  shape  and  contour 

of  the  bone  should  be  noted.     It  */ 

gives  a  clew  to  the  position  of  the 
sinus.  The  sinus  generally  lies  un- 
der the  part  of  greatest  convexity 
of  the  mastoid  cortex  (convexity 
from  before  backward)  and  in  the 
narrow  mastoids  the  sinus  is  apt  to 

lie  farther  forward  than  in  the  mastoids  having  a  large  flat  surface.  A  more 
accurate  means  of  determining  the  position  of  the  sinus  before  operation  is  by 
means  of  the  X-ray  (see  page  97). 

The  Mastoid  Antrum. — This  is  an  irregularly  shaped  cavity  of  varying  size, 
but  usually  having  a  diameter  of  about  %  to  %  in.  It  is  situated  at  the 
upper  and  anterior  part  of  the  mastoid  process,  lying  behind  and  slightly  above 
the  attic  of  the  middle  ear,  with  which  it  communicates  by  the  aditus.  All 
the  mastoid  cells  communicate  with  the  antrum,  and  it  is  here  that  infective 
material  from  the  middle  ear  collects  and  is  thence  disseminated  to  all  parts 
of  the  mastoid  bone. 

The  dura  is  separated  from  the  antrum  by  a  thin  plate  of  bone,  the  legmen 
antri. 

The  Aditus. — This  is  sometimes  described  as  a  narrow  passage-way,  but 
is  in  reality  simply  the  doorway  between  the  antrum  and  attic  of  the  middle 
ear.  It  is  roughly  triangular  in  shape  with  the  apex  upward.  Its  diameter  is 
much  less  than  that  of  the  antrum. 

Beneath  its  floor  lies  the  facial  nerve  as  it  turns  from  its  horizontal  into 
its  vertical  portion.  From  its  posterior  part  is  seen  the  whitish  prominence 


Fio.  9. — TEMPORAL  BONE  SHOWING  SURFACE  MARK- 
INGS. Line  c  d  drawn  through  suprameatal  spine. 
Line  e  f  posterior  boundary  of  suprameatal  tri- 
angle. Line  a,  horizontal  line  projected  backward 
from  the  upper  level  of  the  bony  canal  wall; 
this  sometimes  marks  the  low  level  of  the  dura 
instead  of  the  posterior  root  of  the  zygoma  g. 
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of  the  horizontal  (external)  semicircular  canal.  Just  anterior  to  the  canal 
and  projecting  backward  from  the  middle  ear  is  the  processus  longus  of  the 
incus.  This  process  is  liable  to  be  injured,  or  the  incus  dislocated,  by  inju- 
dicious curetting  of  the  anterior  part  of  the  antrum. 

Horizontal  Semicircular  Canal.— This  is  recognized  by  a  whitish  oval  mass 
usually  standing  out  in  sharp  contrast  from  the  reddish  surrounding  bone. 
I  ...<ition  is  given  above.     It  forms  an  important  landmark  and  guard  for  the 
facial  nerve.     On  account  of  the  extreme  hardness  of  its  bone,  it  is  not  liable 
to  be  accidentally  injured  by  the  careful  operator. 

Facial  Nerve.— The  vertical  portion  is  chiefly  concerned  in  the  simple  mas- 
toid  operation.  It  will  be  considered  in  its  entirety  under  the  radical  mastoid. 
The  surface  marking  of  the  facial  nerve  is  represented  by  a  line  dropped  from 
the  spine  of  Henle  vertically  downward.  Within  the  bone  it  lies  internal  to 
an  anteroposteriovertical  plane  passed  tangent  to  the  prominence  of  the  ex- 
ternal semicircular  canal.  Thus  it  may  be  seen  that  a  considerable  portion 
of  the  posterior  canal  wall  may  be  lowered  without  endangering  its  integrity. 
In  the  simple  mastoid  operation  it  is  in  danger  of  being  injured  on  the  fol- 
lowing points : 

1.  On  the  floor  of  the  aditus. 

2.  At  the  posterior  part  of  the  vertical  portion,  in  curetting  the  deep 
anterior  mastoid  cells. 

3.  At  its  exit  at  the  stylomastoid  foramen,  in  removing  the  mastoid  tip. 
Anomalies  in  the  course  of  the  facial  nerve  have  been  noted,  but  they  are 

rare.  The  position  of  the  facial  nerve  is  usually  the  most  fixed  of  any  of  the 
structures  in  the  mastoid  bone. 

Dura. — This  is  separated  from  the  mastoid  cells  by  a  thin  but  very  hard 
plate  of  bone,  the  dural  plate.  Over  the  antrum  this  is  much  thinner  than  the 
rest,  and  is  called  the  teymen  antri.  This  plate  joins  the  mastoid  bone  usually 
at  the  level  of  the  posterior  root  of  the  zygoma.  In  exceptional  cases  it  may 
be  as  low  as  a  horizontal  line  passed  backward  from  the  spine  of  Henle.  In 
this  somewhat  wedge-shaped  area  formed  by  the  root  above  and  the  horizontal 
line  below,  the  cortex  of  the  bone  and  the  underlying  cells  must  be  removed 
cautiously  until  the  glistening  hard  surface  of  the  plate  itself  is  seen. 

Sigmoid  Sinus. — This  is  a  direct  continuation  of  the  lateral  sinus,  and 
forms  one  of  the  most  important  surgical  landmarks  in  the  temporal  bone.  It 
shows  as  an  oval  curved  eminence  at  the  posterior  part  of  the  mastoid  process. 
It  U  most  important  to  note  the  extreme  variability  as  regards  its  position. 
It  may  He  anywhere  within  the  mastoid  process.  It  usually  occupies  the  pos- 
terior and  inner  part  of  the  mastoid  process,  but  frequently  a  more  anterior 
position.  In  extreme  cases  it  has  been  found  to  encroach  on  Macewen's  tri- 
angle and  overlie  the  antrum.  A  far  forward  sinus,  so  called,  is  one  whose 
jmtcrior  1. order  is  %  *n-  posterior  to  the  canal  wall  at  a  level  with  the 
:i nt rum,  and  about  %  in.  posterior  below  this  level.  The  average  position 
of  the  sinus  is  about  y2  to  %  in.  posterior  to  the  canal  wall  at  a  level  with 
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the  antrum  and  slightly  less  below.  Its  position  may  be  roughly  estimated  by 
observing  the  surface  contour  and  shape  of  the  bone.  The  sinus  generally  lies 
under  the  point  of  the  greatest  convexity  in  the  mastoid  bone.  In  mastoids  that 
MIC  narrow  and  very  convex,  the  sinus  is  apt  to  be  tar  forward.  Lately  a  more 
exact  means  has  heen  developed  by  the  use  of  the  X-ray  (see  p;  .  In 

operating  it  is  a  safe  rule  to  proceed  with  extreme  caution  until  the  hard  shell- 
like  hone  covering  of  the  sinus  (the  sinus  plate)  has  been  exposed  and  its 
outline  demonstrated.  The  sinus  lies  Deeply  within  the  mastoid  except  at  its 
upper  and  back  part,  where  it  lies  just  beneath  the  «>,•!, 

Mastoid  Cells. — The  cells  of  the  mastoid  process  are  of  2  general  types: 

1.  Pneumatic. 

2.  Diploetic. 

The  pneumatic  cells  are  large  and  irregular  in  shape  and  normally  contain 
air,  and  are  level  with  a  mucoperiosteum  directly  continuous  with  that  of 
the  antrum. 

The  diploetic  cells  are  small  and  resemble  the  cells  formed  in  the  diploetic 
table  of  the  other  cranial  bones. 

These  two  kinds  of  cells  are  always  found  in  one  mastoid,  but  the  mastoid 
is  called  pneumatic  or  diploetic  according  to  which  is  the  predominating  type. 

A  sclerotic  or  eburnated  mastoid  is  one  in  which  the  cells  are  few  or  almost 
absent,  and  the  bone  itself  is  of  an  ivory-like  hardness.  This  occasionally 
occurs  naturally  in  certain  skulls,  but  is  usually  seen  as  the  result  of  long- 
continued  chronic  suppuration. 


TECHNIC  OF  THE  SIMPLE  MASTOID  OPERATION 

(Formerly  Called  the  Schwartze  Operation) 

In  this  operation  the  operator  stands  at  the  head  of  the  patient  and  the 
first  assistant  stands  at  the  patient's  occipital  side.  Opposite  the  patient's  face 
sits  the  anesthetist ;  while  the  nurse,  holding  the  retractors,  stands  between 
the  operator  and  the  anesthetist.  The  operator  occasionally  changes  places  with 
the  first  assistant  when  he  wishes  to  work  on  certain  parts  of  the  antrum  and 
dural  plate. 

Incision. — This  is  a  curved  incision  starting  at  the  mastoid  tip  and  ex- 
tending upward  in  a  curved  direction  parallel  to,  and  about  14  in.  behind, 
the  postauricular  fold.  It  terminates  about  %  to  i/o  in.  above  the  superior 
attachment  of  the  auricle.  Theoretically  its  depth  is  at  once  extended  to  the 
bone.  In  practice  we  usually  incise  the  tissues  down  to  the  periosteum  below 
and  the  temporal  muscle  above;  the  parts  are  then  slightly  retracted  and  the 
incision  is  extended  through  these  structures  in  the  same  line.  Some  operators 
attempt  to  preserve  the  integrity  of  the  temporal  muscle,  but  I  have  found  that 
more  trauma  is  caused  by  the  necessary  retraction  than  by  a  clean  cut  into  its 
substance.  At  this  point  there  is  usually  free  bleeding  from  branches  of  the 
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posterior  auricular  artery,  but  this  is  usually  disregarded  until  the  periosteum 
has  been  partly  reflected. 

Tlie  posterior  incision  is  then  made.  This  is  horizontal  and  extends  from 
opposite  the  center  of  the  auditory  canal,  directly  backward,  toward  the  external 
occipital  protuberance.  The  length  of  the  incision  varies  according  to  the  in- 
dividual nmls  of  the  case  from  %  in.  to  2  in.  It  extends  directly  down 
to  the  bone. 

Some  operators  prefer  to  make  the  posterior  incision  only  if  demanded 
during  the  operation,  giving  as  their  objection  the  posterior  scar  formed  by  its 

routine  use.  If  carefully  made  and  carefully  sutured 
after  the  operation,  this  scar  is  almost  unnoticeable, 
being  partly  within  the  hair  line,  and  the  avoidance 
of  strong  retraction  greatly  lessens  the  trauma  and 
thus  the  risk  of  subsequent  infection  of  the  flaps  so 
made. 

Elevation  of  the  Periosteum. — It  is  essential  for 
rapid  and  proper  postoperative  healing  that  the  in- 
tegrity of  the  periosteum  be  preserved  as  far  as  pos- 
sible. To  this  end  the  periosteum  and  the  overlying 
tissue  of  the  flaps  formed  by  the  above  incisions  are 
carefully  elevated  in  one  layer. 
This  is  best  accomplished  by  the  Langenbeck  elevator.  It  is  placed  in  the 
line  of  the  periosteal  incisions  and  the  periosteum  slightly  separated  by  a  shov- 
ing and  hoeing  motion  with  the  edge  of  the  instrument  held  close  to  the  bone. 
The  bleeding  vessels  which,  up  to  this  time,  have  been  partially  controlled  by 
pressure,  are  now  clamped  and  the  remainder  of  the  periosteal  reflection  can 
proceed  in  a  leisiirely  and  accurate  manner.  The  anterior  flap  and  the  upper 


Fio.  10. — LINE  OF  INCISION 
FOR  MASTOID  OPERATION. 


FIG.  11. — LANQENBECK'S  PERIOSTEAL  ELEVATOR. 

posterior  flap  are  easily  reflected.  The  lower  posterior  flap  and  the  periosteum 
around  the  tip  are  more  adherent,  owing  to  the  insertion  into  the  bone  of  the 
fibers  of  the  sternomastoid  muscle.  These,  in  females  and  young  subjects, 
however,  can  usually  be  separated  by  the  careful  use  of  the  periosteal  elevator. 
In  male  subjects  it  is  usually  necessary  to  cut  them  away  with  the  curved  scis- 
BOT8.  The  anterior  flap  should  be  reflected  until  the  posterior  canal  wall  and 
the  siiprjimrjitsil  spine  are  seen.  The  upper  and  lower  posterior  flaps  are  re- 
flected to  the  limit  of  their  incisions.  The  fibers  of  the  sternomastoid  should 
be  separated  from  the  bone  until  the  tip  can  be  plainly  felt  by  the  finger. 
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The  periosteal  elevator  is  held  in  the  right  hand  ami  the  edge  steadied 
against  the  bone  with  the  index  and  middle  fingers  of  the  left.  The  motion 
imparted  to  it  should  be  of  a  diagonal  pushing  and  hoeing  character,  i.  e.  in 
pushing  the  periosteum,  the  instrument  should  go  not  simply  forward,  but  for- 
ward and  sideways.  (The  same  is  true  «>t'  the  Imrkward  lux-ing  motion.) 

After  reflection  of  the  periosteum,  the  surface  of  the  bone  should  be  searched 
for  any  fistulse  or  sinuses.  These,  if  present,  usually  are  in  tin-  neighborhood 
of  the  antrum,  less  frequently  found  near  the  tip.  If  these  are  carefully  in- 
vestigate* I,  they  are  usually  found  to  lead  to  the  antrum.  thus  forming  one  of 
the  guides  to  its  position.  These  openings  in  the  bone  are  not  usually  large, 
sometimes  barely  admitting  a  medium-sized  probe.  The  site  of  the  fistuhe  is 
usually  marked  by  granulations  protruding  through  the  bone.  The  surrounding 
bone  can  -be  gently  pried  away  with  a  curet  until  a  large  enough  aperture  is 
formed  to  admit  a  rongeur  forceps.  The  cortex  can  then  be  removed  with  this 
instrument. 

If  fistula;  are  not  present,  the  next  step  is  as  follows : 

1.  Opening  of  the  antrum;  or, 

2.  Formation  of  the  initial  groove. 

Opening  of  the  Antrum. — The  antrum  may  now  be  opened  or  the  initial 
groove  along  the  anterior  border  of  the  bone  made,  and  the  antrum  incidentally 
opened  after  curettage  of  the  anterior  mastoid  cells. 

The  first  procedure  is  advisable  if  the  operator  is  inexperienced,  for  al- 
though taking  longer,  the  finding  of  the  antrum  gives  a  definite  landmark  in 
the  interior  of  the  bone,  and  after  its  investigation  with  a  probe  considerable 
information  may  be  obtained,  not  only  as  to  the  dimensions  of  this  cavity,  but 
as  to  the  whereabouts  of  the  dura  and  sinus. 

Opening  of  the  antrum  is  accomplished  by  removing  the  cortex  of  bone 
within  the  boundaries  ofMacewens  triangle  (see  page  115).  This  is  best  done  l.v 
the  use  of  a  medium-sized  chisel  or  gouge.  In  taking  the  bone  away  from  ihe 
upper  border,  the  instrument  should  be  directed  downward  and  inward,  and 
in  using  the  instrument  at  the  posterior  border,  it  should  be  directed  forward 
and  inward  toward  the  auditory  canal,  and  not  directly  inward  toward  the 
interior  of  the  mastoid.  This  is  necessary  in  order  that,  if  dura  or  sinus  is 
encountered  unexpectedly,  the  instrument  will  not  plunge  directly  into  these 
structures,  but  will  pass  parallel  to  them,  leaving  them  exposed  but  uninjured. 
Taking  small  shavings  at  a  time,  the  cortex  is  chiseled  away  until  the  cellular 
structure  is  uncovered.  More  room  will  be  gained  and  the  above  procediire 
facilitated,  if  also  from  time  to  time  the  cortex  be  partially  removed  from  the 
bone  surrounding  the  triangle,  above,  behind,  and  below.  This  can  be  safely 
done  if  the  bone  be  taken  away  in  thin  layers  and  the  chisels  held  as  directed. 
When  the  cortex  is  removed,  the  cellular  character  of  the  bone  is  at  once  ap- 
parent. With  a  rotary  motion,  a  curet  can  now  usually  be  used  to  continue 
the  general  direction,  forward,  inward  and  slightly  upward,  close  to  the  pos- 
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terior  canal  wall,  until  at  a  depth  of  V4  to  %  in-,  the  curet  gives  the  Ben- 
sation  of  passing  into  a  rather  large  cavity,  and  the  antrum  is  reached. 
of  this  is  made  with  a  small  bent  probe,  which  is  passed  from  the  anterior  part 
of  the  antrum  into  the  aditus  and  middle  ear.     If  this  cannot  be  done,  the 
chances  are  that  the  operator  is  not  in  the  antrum,  but  in  an  adjace 

FAULTS  OF  TECHNIC  IN  OPENING  THE  ANTEUM.-l.  USING  Too  MUCH 
FORCE.— If  too  much  force  is  used,  the  operator  may  plunge  directly  through  the 
antral  cavity  and  injure  the  dura  on  its  inner  or  upper  wall. 

2  PASSING  BELOW  THE  ANTRUM.— If  the  operator  starts  his  initial  opening  too 
low  or  continues  the  opening  inward  instead  of  inward  and  slightly  upward,  he  may 
pass  below  the  antrum;  and  if  he  carries  the  excavation  to  an  undue  depth,  may  injure 
the  external  or  posterior  semicircular  canal.  The  remedy  for  this  is,  if  the  antrum 
is  not  reached  at  a  proper  depth,  to  stop  and  see  if  the  opening  has  been  continued 
in  the  proper  direction. 

3.  MAKING  THE  OPENING  Too  HIGH.— If  the  initial  opening  be  too  high,  and 
direction  be  too  much  inward,  the  dura  may  be  exposed  and  injured.  This  should  be 
guarded  against  by  frequently  exploring  the  upper  wall  and  fundus  of  the  excava- 
tion with  a  probe.  If  the  direction  is  too  far  forward  and  not  parallel  to  the  general 
direction  of  the  auditory  canal,  the  middle  ear  may  be  entered  or  the  facial  nerve 
or  external  semicircular  canal  injured.  Usually  the  operator  has  no  difficulty  in  find- 
ing the  antrum.  Occasionally  in  bones  of  the  sclerotic  type,  the  antrum  is  very  small 
;u  ul  far  forward,  and  it  is  found  with  great  difficulty.  Cases  have  been  reported  of 
;il».'iice  of  the  antrum,  but  their  authenticity  is  questionable.  In  the  very  difficult 
cases,  the  following  expedients  may  be  adopted. 

If  the  operator  has  removed  the  cortex  over  the  area  given  above,  and  to 
a  depth  beyond  which  he  hesitates  to  go,  for  fear  of  injuring  some  vital  struc- 
tures, he  may  reassure  himself  by  the  following  maneuver.  This  depends  on 
the  fact  that  the  inner  wall  of  the  tympanum  lies  on  a  level  2  mm.  deeper  than 
the  iintnim  (4).  A  probe  is  inserted  between  the  fibrous  canal  lining  and 
the  posterosuperior  bony  canal  wall,  downward  as  far  as  it  will  go,  i.  e.  to 
the  inner  tympanic  wall.  The  depth  of  this  is  measured  and  compared  to  the 
depth  of  the  exploratory  antral  opening.  The  antral  opening  may  be  carried 
inward  until  it  almost  equals  the  depth  measured  on  the  probe.  But  probably 
before  this  the  antrum  will  have  been  reached.  If  this  is  not  successful,  a 
probe  may  be  bent  at  right  angles  %  in.  from  the  end,  and  inserted  as  above 
and  rotated  so  that  the  bent  end  passes  from  the  tympanum  through 
the  aditus  at  its  upper  and  back  part,  into  the  antrum.  The  exploratory  open- 
ini:  can  then  be  cautiously  deepened  until  the  antrum  is  reached  with  the  probe 
in  situ.  In  addition  to  the  above,  the  probe  gives  valuable  information  as 
regards  the  direction  of  the  auditory  canal,  and  consequently  as  regards  the 
direction  to  be  pursued  in  the  exploratory  opening.  While  the  passage  of  a 
prnlKj  into  the  tympanum  can  be  accomplished  without  much  harm,  the  use 
of  the  bent  probe  is  to  be  reserved  as  the  last  resort  in  cases  of  extreme  difficulty, 
for  its  use  is  apt  to  cause  some  disturbance  of  the  ossicular  chain  with  subse- 
quent impairment  of  hearing.  This  does  not  apply  in  locating  the  antrum  pre- 
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liminary  to  a  radical  operation,  for  here  the  ossicular  chain  will  be  further 
deranged  by  the  subsequent  operative  procedures.  When  tin-  ant  nun  has  been 
explored  with  a  probe,  its  overhanging  walls  should  he  «-nt  away  with  a  eim-t 
and  rongeur,  and  its  cell-like  cavity  itself  transformed  into  a  shallow  bowl- 
shaped  aperture. 

It  must  be  remembered,  no  matter  when  or  how  performed,  that  the  opening  and 
widening  of  the  antral  cavity  are  vital  and  essential  steps  in  the  mastoid  oper 
It  is  the  keynote  to  the  successful  surgery  of  the  mastoid  pron-sa.    After  tli<-  n-tl 
of  the  periosteum,  if  the  antrum  has  not  been  formally  opened,  the  initial  opening  or 
initial  groove  is  made. 

Formation  of  the  Initial  Groove. — With  a  wide  gouge  a  strip  of  bone  % 
in.  wide  is  now  removed  from  the  extreme  anterior  border  of  the  mastoid, 
adjacent  to  the  posterior  canal  wall,  extending  from  just  below  the  root  of  the 
zygoma  above  to  the  tip  below.  This  strip  is  just  thick  enough  to  include  the 
thickness  of  the  cortex  and  to  expose  the  cells  beneath.  These  cellular  tissues 
may  now  be  removed  with  a  narrow  curet,  keeping  close  to  the  bony  canal 
wall  anteriorly,  but  lightly  undercutting  the  posterior  edge  of  the  gro<,\e.  I  f 
the  cellular  structure  is  extremely  hard,  the  use  of  a  narrow  gouge  is  necessary 
for  its  removal.  In  children  under  10  years  of  age  this  initial  opening  can  he 
made  by  a  narrow  curet,  curetting  from  the  tip  upward.  It  must  be  remem- 
bered that  the  lateral  sinus  may  lie  anywhere  within  the  mastoid  process,  and 
until  it  has  been  definitely  located  either  before  operation  by  the  X-ray  or  at 
operation  by  the  exposure  of  its  glistening  bony  plate,  one  must  be  continually 
on  the  lookout  for  it  and  proceed  with  extreme  caution. 

After  removal  of  the  cortex,  the  underlying  cellular  structure  must  be  ex- 
amined for  exposed  sinus,  and,  after  the  removal  of  the  cellular  structure,  the 
posterior  boundary  must  again  be  examined  with  the  probe. 

.  After  the  initial  opening  the  operator  must  answer  the  following  questions: 

Is  pus  present  in  the  initial  groove  and  does  it  well  u/>  nml  fnilxnlr  f  Pus 
present  in  the  initial  groove  indicates  a  well-marked  mastoiditis.  and 
a  profuse  discharge  of  pus,  pulsating  in  character,  marks  disintegration  of  the 
interior  of  the  mastoid  with  an  exposure  of  a  considerable  area  of  dura  or  sinus. 
We  can  assume  that  the  sinus  has  not  been  encountered.  The  cortex  adjacent 
to  the  initial  groove  is  now  further  removed  by  a  broad  gouge,  care  being  taken 
not  to  disturb  the  cells  beneath.  These  cells  are  then  cautiously  curetted  away 
until  we  have  a  groove  about  %  in.  wide,  extending  from  just  below  the 
zygoma  to  the  tip,  and  in  depth  reaching  the  inner  plate  of  the  mastoid  process. 
Probably  at  this  juncture  the  antrum  has  been  opened  during  the  above  pro- 
cedure. If  so,  it  should  be  treated  as  before  noted.  If  it  has  not  been  found, 
further  search  for  it  should  be  postponed  until  the  removal  of  the  zygomatic 
cells. 

Removal  of  the  Mastoid  Tip. — The  tip  can  be  conveniently  removed  at  this 
stage  of  the  operation.  Removal  of  the  tip  is  now  conceded  to  be  indicated  in 
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every  complete  mastoid  operation  in  the  adult.  Exceptions  to  this  sometimes 
occur  in  infants  and  young  children.  If  in  doubt,  remove  the  tip.  The  tip  in 
the  pneumatic  bones  is  often  almost  entirely  occupied  by  one  large  cell,  called 
the  tip  cell.  It  is  usually  the  largest  cell  in  the  mastoid  with  the  exception  of 
the  antrum,  and  in  acute  cases  is  frequently  found  filled  with  pus. 

The  remaining  fibers  of  the  muscle  should  now  be  cleanly  separated  from 
the  extremity  and  inner  surface  of  the  tip  and  extended  posteriorly  well  along 
the  posterior  border  of  the  bone. 

The  facial  nerve  makes  its  exit  from  the  stylomastoid  foramen  anterior  to 
the  tip,  and  in  separating  the  fibers  of  the  muscle  from  the  bone,  which  is  best 
done  with  the  sharp  edge  of  a  large  bowl-shaped  curet,  the  instrument  should 
be  made  to  hug  the  bone  closely.  The  tip  should  be  separated  on  its  inner 
aspect  as  far  as  the  occipital  groove.  It  may  then  be  removed  as  far  as  the 
above  groove  with  successive  bites  of  the  rongeur  forceps,  one  blade  being  placed 
on  its  inner  surface  and  one  on  its  outer.  If  any  muscle  fibers  still  remain 
attached  to  the  fragments  thus  removed,  they  should  be  carefully  cut  and  not 
torn  away.  The  tearing  away  of  attached  fragments  of  the  tip  opens  up  path- 
\v;i\s  of  infection  in  the  substance  of  the  muscle  and  invites  a  subsequent 
cellulitis  of  the  neck. 

After  removal  of  the  tip,  the  remaining  cortex  of  the  bone  should  be  cut 
away  with  the  rongeur  forceps,  proceeding  cautiously  upward  and  backward 
until  the  sinus  plate  is  seen.  Our  attention  should  now  be  directed  to  the 
zygomatic  cells. 

Removal  of  the  Zygomatic  Cells  and  Final  Treatment  of  the  Antrum.  —  The 
cortex  overlying  the  remaining  anterior  part  of  the  suprameatal  triangle  should 
now  be  removed.  This  will  expose  the  zygomatic  cells.  If  the  antrum  has  not 
already  been  opened,  that  should  now  be  done.  A  medium-sized  curet  is  in- 
serted in  the  anterior  part  of  the  triangle  and  directed  inward,  forward  and  a 
little  upward,  and  with  a  boring  motion  the  cells  are  penetrated  until  the 
antrum  is  reached.  The  operator  should  then  proceed  as  directed  on  page  121. 
External  and  anterior  to  the  antrum  the  zygomatic  cells  are  now  removed  until 
a  triangular  space  is  formed,  bounded  above  by  the  dural  plate,  below  by  the 
superior  canal  wall,  and  having  for  its  apex  a  cell  with  well-marked  glistening 
walls,  the  terminal  zygomatic  cell.  The  anterior  antral  wall  is  now  cautiously 
removed  until  its  boundaries  become  continuous  with  the  space  above. 

The  cavity  of  the  antrum  must  now  be  inspected  and  its  cavity  cleared  of 
granulations  or  softened  bone.  This  is  done  with  a  medium-sized  curet.  In 
doing  this,  3  structures  are  endangered,  and  their  position  must  be  noted : 

1.  Facial  nerve. 

2.  External  semicircular  canal. 

3.  Horizontal  process  of  the  incus. 

The  facial  nerve  passes  beneath  the  floor  of  the  aditus.  The  external  semi- 
circular canal  lies  in  its  posterior  wall,  while  in  front  of  the  anterior  part  of 
the  semicircular  canal  lies  the  horizontal  limb  of  the  incus. 
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All  unnecessary  cureting  should  he  avoided.  In  u-in-r  a  <-un-t  in  the  anterior 
part  of  the  aritrum,  the  bowl  should  he  plan -d  ajrain-t  tin-  t!..,,r,  and  the  cavity  curetted 
upward  and  outward.  Usually  we  take  away  ••n.ui^h  of  the  anterior  antral  wall  to 
well  expose  the  external  semicircular  and  occasionally  the  tip  of  the  horizontal  process 
of  the  incus.  In  so  doing,  part  of  the  Mipi-rior  eaiial  wall  is  .-.  The  roof 

of  the  antrum  is  now  cun-tted  can-fully  until  the  hard  bone  covering  the  dura  is 
exposed.  At  times  we  injure  a  minute  artery  lying  in  a  cleft  in  the  posterior  part 
of  the  antral  roof.  This  is  easily  cheeked  1,\  packing  f,,r  a  few  moment-  with  iodo- 
form  gauze.  The  upper  part  of  the  ma>toid  eortei  is  now  cut  away  flush  with  tin- 
floor  of  the  middle  fossa. 


Granulations  in  the  middle  ear  are  often  soon  prnjretini:  through  the  aditus. 
In  the  majority  of  acute  cases  these  will  take  care  of  themselves.  Some  otolo- 
gists are  accustomed  to  remove 
them  by  the  cautious  use  of  a 
small  dull  ring  curet,  hut  the 
occasional  operator  had  better 
trust  for  their  removal  to  the 
reparative  powers  of  the  indi- 
vidual. 

Sinus  Plate. — The  sinus 
plate  is  now  outlined  above  by 
gently  curetting  backward 
from  the  posterior  part  of  the 
antrum  until  the  outlined 
plates  covering  the  dura  and 

sillQS    are   Seen  to   fuse   at  the       FlG-   12.— MASTOID  OPERATION  COMPLETED.      The  aditus 

,  f  arid  external   semicircular  canal   are  seen  in   the  upper 

posterior    and    Upper    part    Ot  and  anterior  part  of  the   bony  cavity.     (From   a  di»- 

the  bone.     Usually  the  tissue          section  b^  the  author-) 

is  diploetic,  but  frequently  a 

line  of  well-marked  cells  will  be  found  above  the  sinus,  extending  backward 

a  variable  distance.     These  should  not  be  opened  until  the  terminal  cell   is 

reached. 

The  cells  over  the  sinus  plate  are  now  gently  curetted  away  until  its  white, 
hard  walls  appear.  In  well-marked  cellular  subjects,  a  line  of  cells  is  seen  ex- 
tending below  and  behind  the  posterior  part  of  the  sinus.  In  exenterating 
these,  the  mastoid  emissary  vein  is  frequently  encountered  and  wounded.  The 
edges  of  the  cortex  are  now  finally  smoothed  down  with  a  Richards  curet,  and 
part  of  the  posterior  canal  wall  almost  to  the  level  of  the  anmilus  tympanicus  is 
cut  away  with  small  bites  of  the  rongeur  forceps  and  finished  with  the  Richards 
curet.  This  allows  the  tissues  of  the  canal  and  upper  part  of  the  wound  to 
fall  inward  and  helps  to  obliterate  the  operative  cavity.  The  cavity  is  now 
flushed  with  salt  solution,  dried  and  carefully  inspected  for  any  diseased  cells 
previously  overlooked.  If  the  operator  is  satisfied  with  the  operative  cavity,  the 
flaps  are  ready  for  suture. 
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Exposure  of  the  Dura.— The  dura  may  be  accidentally  exposed  at  the  time 
of  operation,  or  may  be  found  exposed  as  a  result  of  the  pathological  process. 
Accidental  exposure  of  the  dura  by  the  operator  does  no  harm,  provided  the 
dura  itself  is  uninjured.  It  is  an  accident  to  be  avoided,  if  possible,  but  at 
tinii's  it  is  justifiable.  A  collection  of  pus  between  the  bone  and  the  dura  con- 
stitutes an  epidural  abscess.  Sometimes  large  abscesses  are  connected  with  the 
inastoid  cavity  proper  by  an  extremely  small  opening.  This  is  the  reason  why 
at  the  end  of 'an  operation  the  entire  surface  of  the  operative  cavity  should  be 

scrutinized  most  carefully. 

TREATMENT  OF  EPIDUKAL  ABSCESS. — All  necrotic  lone  covering  diseased 
dura  should  be  carefully  removed  with  the  curet  or  rongeur.  The  granula- 
tions covering  the  dura  should  not  be  removed,  but  they  should  be  examined 
carefully  for  any  fistula  leading  to  the  brain  substance  (see  Brain  Abscess). 
The  bone  should  be  removed  from  the  periphery  of  the  abscess  until  the  dura 
begins  to  take  on  a  healthy  appearance. 

TREATMENT  OF  ACCIDENTAL  DURAL  EXPOSURE.  —  Detached  fragments 
of  bone  pressing  against  the  dura  should  be  carefully  removed  and  the  bone 
removed  from  the  periphery  of  the  accidental  opening  until  the  bony  plate 
reaches  its  normal  thickness.  The  policy  of  leaving  a  dural  opening  surrounded 
by  bone  of  paperlike  thinness  is  one  of  misguided  conservatism.  This  usually 
is  insufficiently  nourished  and  subsequently  dies,  necessitating  its  extrusion 
and  delaying  the  ultimate  healing  of  the  wound,  often  indefinitely.  If  one  is 
in  doubt  as  to  the  subsequent  viability  of  bone  covering  the  dura,  it  is  better 
to  remove  it  at  the  time  of  the  primary  operation. 

INJURY  TO  THE  DURA. — If  the  dura  has  been  injured,  any  fragments  of 
bone  should  be  removed,  the  wound  sponged  with  95  per  cent,  alcohol  and  a 
piece  of  iodoform  gauze  applied  over,  but  not  within,  the  edges  of  the  wound. 
The  prognosis  following  perforating  wounds  of  the  dura  is  extremely  grave. 

Exposure  of  the  Sinus. — The  sinus  may  be  found  uncovered  by  the  patho- 
logical process,  and  its  surface  covered  with  granulations.  This  is  frequently 
the  preliminary  stage  of  a  sinus  thrombosis;  if,  however,  the  interior  of  the 
sinus  is  not  invaded  the  case  offers  a  very  good  prognosis  (see  Sinus  Throm- 
bosis). This  is  termed  a  perisinous  abscess,  and  should  be  treated  as  an  epi- 
dural  abscess,  i.  e.  all  thin  and  necrotic  bone  removed  from  over  the  sinus  until 
at  the  periphery  healthy  sinus  wall  is  to  be  seen.  The  granulations  should  not 
be  disturbed.  Frequently  we  see  an  apparently  unhealthy  sinus  wall  that 
harbors  a  perfectly  healthy  sinus. 

ACCIDENTAL  EXPOSURE  OF  THE  SINUS.— This  is  always  to  be  avoided, 
r.-nally  it  is  of  no  consequence,  but  cases  have  been  reported  of  sinus  throm- 
bosis caused  by  the  accidental  exposure  of  the  lateral  sinus  at  the  time  of  opera- 
tion. If  exposed,  it  should  be  treated  as  an  accidental  exposure  of  the  dura. 

WOUNDING  OF  THE  SINUS.— This  is  a  serious  accident.  Though  not  as 
serious  as  injury  to  the  dura,  its  gravity  is  in  direct  proportion  to  the  amount 
of  infective  material  introduced  at  the  time.  The  most  dangerous  wounds  are 
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those  in  \\liidi  a  piece  of  necrotic  bone  is  carried  directly  into  the  lumen  of  the 
sinus  by  the  misguided  use  of  a  curet.  Clean-cut  wound-  with  tin-  chisel  or 
rouge ur  are  less  serious.  In  these  the  outrushini:  Mood  usually  washes  away 
flu-  infective  material.  In  these  accidental  wounds  the  bom-  frairmcnt,  if  pro- 
jecting into  the  sinus,  should  he  <|iiickly  but  carefully  n-m«»\ed  and  the  ensuing 
hemorrhage  checked  by  the  application  of  iodoi'mm  uau/e  pads  (see  Sinus 
Thrombosis).  When  the  hemorrhage  has  been  checked,  the  carious  and 
thin  bone  should  be  removed  and  the  case  carefully  watched  for  symp- 
toms of  sinus  thrombosis.  Many  cases,  however,  escape  this  unfortunate  com- 
plication. 

Suture  of  the  Flaps. — The  mastoid  cavity  is  now  flushed  with  a  warm  nor- 
mal salt  solution,  all  fragments  of  bone  and  loose  bits  of  tissue  are  removed 
and  the  cavity  sponged  dry.  The  upper  part  of  the  vertical  incision  is  now 
closed  with  interrupted  sutures  of  silkworm-gut  down  to  the  level  of  the  dural 
plate.  The  posterior  incision  is  closed  throughout  its  entire  extent.  Care 
should  be  taken  that  these  sutures  include  and  approximate  the  periosteum  as 
well  as  the  overlying  skin  and  subcutaneous  tissue.  Some  authorities  advocate 
closure  of  the  lower  part  of  the  vertical  incision,  but  I  have  found  that  rarely, 
if  ever,  can  primary  union  be  obtained,  and  that  these  lower  sutures  often  cause 
a  cellulitis  of  the  lower  extremity  of  the  wound. 

Packing  the  Operative  Cavity. — The  mastoid  cavity  should  be  lightly 
packed  with  1  in.  5  per  cent,  iodoform  gauze.  This  is  introduced  to  the  bottom 
of  the  wound  and  folded  back  and  forth  on  itself,  so  that  its  removal  may  be 
attended  with  the  least  amount  of  trauma  to  the  walls  of  the  cavity. 

Packing  the  Auditory  Canal. — I  insist  that  the  auditory  canal  should  be  firmly 
packed  with  a  narrow  strip  of  plain  gauze.  This  should  be  carefully  done,  the  object 
being  to  distend  the  canal  to  its  full  lumen  without  undue  pressure  on  and  injury  to 
the  drum.  This  keeps  the  fibrocartilaginous  canal  wall  in  close  apposition  to  the 
bony  canal  and  prevents  subsequent  collapse  of  the  fibrocartilaginous  canal. 

A  wide  open  auditory  canal  is  essential  to  an  intelligent  after-treatment  of 
the  drum  membrane.  It  affords  a  good  view  of  that  organ  and  allows  a  free 
exit  of  pus  from  the  middle  ear.  If  this  is  neglected,  a  narrow  slit-like  canal 
results,  through  which  the  pus  can  only  pass  with  difficulty,  and  through  which 
only  an  imperfect  view  of  the  drum  can  be  obtained. 

After  the  packing  has  been  inserted  the  surrounding  tissues  are  cleansed 
with  saline  and  the  usual  dressing  applied. 

Application  of  the  Bandage. — This  is  a  modified  figure-of-eight  bandage. 
Its  method  of  application  is  best  understood  by  studying  the  accompanying  il- 
lustrations. The  object  of  the  bandage  is  twofold,  first  to  keep  the  dressing  in 
place;  second  to  prevent  the  ear  from  sagging  until  the  incision  has  firmly 
united.  This  supporting  function  of  the  bandage  is  best  accomplished  by  stand- 
ing in  front  of  the  patient  and  bandaging  from  before  backward,  starting  on 
the  affected  side. 
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AFTER-TREATMENT 

The  patient's  comfort  will  be  increased  if  the  outer  dressing  be  changed 
daily  for  the  first  2  weeks. 

The  canal  packing  may  be  allowed  to  remain  for  4  or  5  days  after  opera- 
tion, and  then  may  be  removed  every  other  day,  or  daily,  as  the  discharge  from 
the  auditory  canal  demands. 

On  the  fourth  or  sixth  day  after  operation,  unless  pain  or  high  temperature 
demands  its  removal  sooner,  the  mastoid  packing  is  removed,  preferably  under 
nitrous  oxid  anesthesia,  and  from  then  on  the  cavity  gently  packed  with  balsam 
of  pern  gauze,  usually  changed  every  2  or  3  days. 

The  local  after-treatment  of  a  mastoid  wound  demands  care  and  thought 
on  the  part  of  the  surgeon.  Space  forbids  that  it  be  fully  considered  in  this 
article  and  I  am  compelled  to  give  but  a  general  outline  of  the  subject. 

The  healing  is  by  granulation.  This  is  seen  to  start  in  the  cavity  on  about 
the  sixth  to  the  eighth  day.  Healing  is  usually  complete  in  6  to  8  weeks  after 
operation.  The  patient,  however,  can,  as  a  rule,  resume  his  or  her  ordinary 
occupation  after  a  month.  In  the  latter  part  of  this  healing,  a  crescentic  patch 
of  black  silk  made  to  tie  behind  the  ear  may  be  conveniently  substituted  for  the 
bandage.  This,  in  turn,  may  give  way  to  a  collodion  dressing. 

General  Considerations  in  After-treatment — PAIN.— There  should  be  but 
little  pain  in  the  mastoid  wound  after  the  first  24  hours.  Persistent  pain  after 
this  time  usually  means  either  too  tight  packing  or  the  presence  of  a  compli- 
cation. 

TEMPEEATUBE. — The  postoperative  temperature  in  an  adult  should  be  mod- 
erate, 100°  to  101°  F.  This  should  gradually  return  to  normal.  Frequently 
adults  run  a  slight  (1°  to  2°)  temperature  for  some  time  after  operation.  Chil- 
dren usually  have  a  greater  reaction,  the  temperature  often  rising  to  102°  to 
103.5°  F.  (rectal). 

DISCHARGE  FROM  THE  AUDITORY  CANAL. — Too  little  attention  is  gen- 
erally paid  to  the  auditory  canal.  The  discharge  usually  continues  from  1  to 
2  weeks.  The  longer  the  duration  of  the  case  before  operation,  the  longer  is 
the  duration  of  the  postoperative  discharge.  After  each  dressing,  the  canal 
should  be  syringed  with  a  salt  solution  or  the  discharge  carefully  wiped  from 
the  canal.  If  the  discharge  persists  for  more  than  2  weeks,  the  ear  should  be 
syringed  every  3  hours  with  a  normal  salt  solution,  followed  by  the  instillation 
of  a  warm  saturated  alcoholic  solution  of  boric  acid.  Careful  attention  to  'the 
condition  of  the  auditory  canal  and  drum  membrane  will  favorably  influence 
the  healing  of  the  postauricular  wound. 

Method  of  Packing  and  Dressing. — In  packing  the  mastoid  wound,  care  should 
!"•  t;ikcn  to  pack  under  and  support  the  flap,  and  not  pack  it  down  against  the  bone. 
Tins  will  prevent  the  formation  of  an  underlying  large  depression  behind  the  ear. 
The  packing  to  the  bottom  of  the  wound  should  be  continued  until  the  aditus  has  be- 
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come  closed  by  granulations  or  until  at  least  it  has  ceased  to  discharge;  at  the  end 
of  this  time  I  can  see  no  further  advantage  in  keeping  the  woun«l  <.j,, -n. 

Attention  should  be  given  to  the  surround  ini:  .skin.  In  children,  especially, 
it  is  apt  to  be  irritated  by  the  discharge,  a  dermatitis  resulting.  This  can 
usually  be  avoided  by  the  use  of  protecting  ointments  (vaselin,  /inc  oxid  oint- 
ment, etc.)  and  the  use  of  alcohol  occasionally. 

If  the  granulations  lining  the  wound  tend  to  hccomo  too  large  or  flabby,  they 
should  be  gently  curetted  or  cauterized  with  a  nitrate  of  silver  stick.  After 
each  dressing  the  discharge  in  the  wound  should  l>e  wiped  away  with  moist 
cotton  sponges.  Irrigations  of  the  mastnid  wound  are  unnecessary  as  a  routine 
and  should  be  resorted  to  only  when  the  cavity  is  very  sloughy. 

Wounds  of  the  Sinus. — If  the  sinus  has  been  injured  dnrini:  the  operation, 
it  should  be  covered  by  a  separate  piece  of  iodoform  i:au/.e.  This  should  be 
distinct  from  the  general  mastoid  packing.  It  should  be  left  in  situ  for  at 
least  4  days,  better  6.  If  at  its  removal  at  the  end  of  4  days,  bleeding  recurs, 
the  packing  must  be  replaced  and  allowed  to  remain  for  another  4  days.  If 
the  bleeding  does  not  recur,  the  separate  gau/c  may  he  omitted. 

Exposure  of  the  Dura. — Exposure  of  the  dura  calls  for  no  special  after- 
treatment. 

Wounds  of  the  Dura, — If  the  dura  has  been  accidentally  wounded  dur- 
ing the  operation,  the  gauze  that  has  been  applied  should  be  left  in  situ  for 
4  to  6  days  if  possible.  It  should  then  be  gently  removed,  if  there  is  no  escape 
of  cerebrospinal  fluid;  the  wound  may  be  treated  in  the  usual  manner.  A 
separate  piece  of  gauze  should  be  gently  packed  over  the  dural  wound  as  long 
as  the  fluid  escapes,  and  great  care  should  be  taken  in  the  dressings  to  prevent 
infection  of  the  meninges. 

Delayed  Healing. — The  cases  of  delayed  healing  usually  arise  from  3  causes. 

1.  Continued  suppuration  in  the  middle  ear. 

2.  Bare  or  necrotic  bone  in  the  mastoid  cavity. 

3.  Any  general  constitutional  defects. 

1.  CONTINUED     SUPPURATION    IN    THE     MIDDLE    EAR. — The    discharge 
from  the  middle  ear  in  the  average  case  should  stop  1  to  2  weeks  after  opera- 
tion.   Discharges  of  a  longer  duration  than  this,  but  finally  stopping,  occur  in 
the  cases  of  mastoiditis  that  have  run  a  long  time  before  operation.    A  profuse 
purulent  discharge  persisting  in  the  middle  ear  a  month  or  2  after  a  simple 
mastoid  operation  usually  indicates  that  caries  or  necrosis  has  occurred  in 
that  cavity  and  will  not  heal  by  drainage.     A  radical  operation  will  proba- 
bly be  indicated.     In  these  cases  the  discharge  passes  not  only  through  the 
opening  in  the  drum  membrane,  but  also  backward  into  the  operative  mastoid 
cavity,  reinfecting  the  granulations  and  delaying,  if  not  at  times  preventing, 
postauricular  healing. 

2.  BARE   OR    NECROTIC   BONE   IN   THE   MASTOID    CAVITY. — There    are    a 
certain  number  of  cases  where  the  middle  ear  heals  promptly  and  the  hearing 


128      THE  EAK  AM)  ADJACENT  STKUCTUKES 

returns,  but  the  postauricular  wound  remains  open  at  some  point.  If  these  are 
examined  with  a  probe,  bare  or  roughened  bone  will  be  found.  If  constitutional 
causes  can  be  excluded,  this  defect  will  be  found  to  be  due  to  one  of  2  causes, 
either  some  carious  bone  has  been  overlooked  by  the  surgeon,  or  else  the  bone 
has  died  after  the  operation,  due  to  the  impairment  of  its  blood  supply.  This 
last  happens  when  extremely  thin  layers  of  bone  are  left  covering  the  dura  or 
sinus.  In  many  of  these  cases,  if  the  defect  be  small,  nature  will  finally  throw 
off  the  bone  and  effect  a  cure.  In  others,  the  process  may  be  hastened  by  a 
gentle  curettage  of  the  rough  spot  under  local  anesthesia.  In  many,  however, 
a  reopening  of  the  mastoid  wound  under  general  anesthesia  is  required,  when 
the  roughened  bone  can  readily  be  removed. 

3.  GENERAL  CONSTITUTIONAL  DEFECTS. — In  hospital  cases  especially, 
delay  in  the  healing  process  is  caused  by  a  general  run-down  condition  of  the 
patient,  due  to  poor  surroundings  or  previous  illnesses.  Many  of  these  cases 
are  anemic.  Others  suffer  from  syphilis,  tuberculosis,  gout,  rheumatism,  or 
cardiac  or  renal  trouble.  In  these  cases  the  granulation  of  the  wound  pro- 
gresses favorably  for  a  few  days,  and  then  suddenly  stops;  the  bone  may  or 
may  not  be  entirely  covered  with  granulations.  A  clew  to  the  condition  is 
gotten  by  a  careful  examination  of  the  patient's  general  condition.  At  this 
point  it  is  appropriate  to  emphasize  the  fact  that  healing  of  the  granulating 
mastoid  wounds  depends  not  only  on  local  treatment,  but  on  careful  attention 
to  the  patient's  general  condition. 

Many  cases  of  delayed  healing  are  due  to  the  presence  of  adenoids  and  en- 
larged tonsils.  If  marked,  these  should  be  removed  as  soon  as  the  temperature 
becomes  normal. 

PROGNOSIS    OF    SIMPLE    MASTOID    OPERATIONS 

In  uncomplicated  cases,  operated  upon  sufficiently  early,  the  surgeon 
expects  to  obtain  perfect  healing  of  the  postauricular  wound  with  good 
hearing. 

Mortality. — Excluding  complications,  there  should.be  no  operative  mortality. 

POSTOPERATIVE    COMPLICATIONS 

1.  Cellulitis  of  the  flaps. 

2.  Erysipelas. 

3.  Postoperative  pneumonia. 

4.  Sinus  thrombosis. 

5.  Leptomeningitis. 

6.  Brain  abscess. 

7.  Acute  labyrinthitis. 

8.  Facial  paralysis. 

Postoperative  complications  following  operations  for  acute  mastoiditis  are 
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the  exception  rather  than  the  rule.  In  competent  han<U  the  majority  of  the 
cases  make  a  smooth  and  uninterrupted  recovery. 

Some  complications,  such  as  sinus  thrombosis,  brain  abscess,  and  lepto- 
meningitis,  while  many  times  apparently  postoperative,  in  n-ality,  have  existed 
undiagnosed  at  the  time  of  the  original  operation. 

A  cellulitis  of  the  flaps  is  not  rare,  and  is  due  to  the  infection  of  these 
tissues  by  the  virulent  pus  in  the  interior  of  the  mastoid.  Infection  is  always 
more  frequent  after  undue  trauma  of  the  flaps. 

Postoperative  erysipelas  occurs  especially  in  the  streptococcus  infections, 
and  is  usually  due  to  the  peculiar  nature  of  the  ear  infection  rather  than  to  any 
breach  of  aseptic  technic  on  the  part  of  the  operator. 

THE    BLOOD-CLOT    DRESSING 

This  method  was  first  advocated  by  Dr.  Clarence  J.  Blake  in  1891.  In 
this  country  Dr.  Blake  and  Dr.  H.  O.  Reik,  of  Baltimore,  have  been  the  chief 
sponsors  for  this  method  of  dressing.  In  a  hundred  cases  of  acute  mastoiditis, 
Reik  claims  about  75  per  cent,  healed  by  primary  union. 

In  this  method  the  operative  cavity  is  rendered  as  aseptic  as  possible,  al- 
lowed to  fill  with  blood,  and  the  posterior  wound  sutured. 

Infection  is  overcome  by:  (1)  the  preparation  of  the  cavity  and  (2)  by 
the  bactericidal  property  of  the  clotted  blood. 

In  a  recent  paper  C.  R.  Holmes  (2)  has  reported  17  cases  treated  by 
this  method :  3  cases  broke  down  completely,  necessitating  reopening  of  all  the 
wound ;  in  7  cases  it  was  necessary  to  open  the  lower  angle  of  the  wound ;  in 
7  cases  (41  per  cent.)  there  was  complete  primary  union.  He  maintains  that 
in  this  method  the  cases  are  completely  healed  in  from  3  to  4  weeks.  In  brief, 
his  method  is  as  follows: 

The  mastoid  antrum  and  cells  are  carefully  cleaned  away  in  the  usual 
manner.  A  large  incision  is  then  made  in  the  drum  membrane  and  the  middle 
ear  carefully  syringed.  The  mastoid  wound  is  sponged  dry  and  filled  with 
hydrogen  peroxid,  then  sponged  dry  again.  This  is  repeated  3  times,  after 
which  it  is  syringed  with  50  per  cent,  alcohol  and  the  alcohol  is  allowed  to  re- 
main in  the  cavity  for  3  minutes.  It  is  then  thoroughly  dried.  To  neutralize 
the  alcohol  and  to  enhance  the  action  of  the  clot  by  increased  alkalinity,  the 
cavity  is  finally  flushed  with  a  solution  of  sodium  bicarbonate  and  dried.  The 
posterior  auricular  artery  is  now  opened  and  the  cavity  is  allowed  to  fill  with 
fresh  arterial  blood.  The  artery  is  twisted  or  ligated.  The  periosteum  is  now 
sutured  in  a  separate  layer  and  the  skin  approximated  with  "Michel  clamps." 
Subsequently,  if  there  are  evidences  of  infection,  the  posterior  wound  must 
be  partially  or  wholly  opened. 

Advantages. — The  advantages  are: 

1.  Rapid  healing. 

2.  Avoidance  of  painful  dressings. 

10  B 
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Disadvantages. — The  disadvantages  are: 

1.  Possibility  of  infection  and  cellulitis  of  wound. 

2.  Decreased  drainage  of  the  middle  ear,  i.  e.  antral  drainage  is  lost. 

3.  Possibility  of  causing  intracranial  complications. 
Centra-indications. — The  contra-indications  are: 

1.  Cases  of  sinus  thrombosis,  brain  abscess,  meningitis. 

2.  Cases  of  suspected  intracranial  complications. 

Conclusions. — As  far  as  I  know,  no  results  have  been  published  as  regards 
the  effect  of  the  blood-clot  dressing  upon  subsequent  hearing.  Certainly  the 
great  factor  in  aiding  resolution  of  the  middle  ear,  i.  e.  antral  drainage,  is  lost. 

This  method  may  be  tried  by  the  experienced  otologist,  but  I  cannot  com- 
mend it  to  the  occasional  operator,  unless  to  heal  a  normal  mastoid  opened 
under  a  mistaken  diagnosis.  (I  do  not  approve  of  this  method. — EDITOR.) 


RADICAL  MASTOID  OPERATION 

The  radical  operation  is  performed  in  suppurative  processes  of  the  middle 
ear  and  mastoid,  in  which  (i.  e.  the  chronic  suppuration)  there  are  considerable 
caries  and  necrosis  either  in  the  small  bones  or  in  the  walls  of  the  middle  ear. 
These  cases  will  not  resolve  by  increased  drainage  of  the  middle  ear  as  do  the 
acute  suppurations,  but  require  more  radical  treatment. 

The  radical  operation  consists  first  in  the  opening  of  the  mastoid  antrum 
and  the  removal  of  all  diseased  tissue  in  the  mastoid  process ;  secondly,  in  the 
removal  of  the  upper  posterior  quadrant  of  the  bony  canal  wall ;  third,  in  the 
lowering  of  the  remaining  lower  segment  of  the  posterior  canal  wall  without 
injury  to  the  facial  nerve;  fourth,  removal  of  the  outer  walls  (drum  and  bony 
frame  of  the  middle  ear)  and  curettage  of  the  necrotic  tissues  and  eustachian 
tube;  fifth,  in  the  formation  of  a  plastic  flap  to  enlarge  the  fibrous  auditory 
canal  and  to  allow  for  easy  dressing  and  exit  of  the  secretions. 

Thus,  in  every  case  of  mastoiditis  requiring  operation,  it  is  of  prime  im- 
portance to  ascertain  whether  the  mastoiditis  is  secondary  to  an  acute  or  chronic 
suppuration  of  the  middle  ear,  in  order  that  we  may  know  whether  to  perform 
a  simple  mastoid  or  a  radical  operation. 

Before  deciding  upon  a  radical  operation  it  is  necessary  to  determine  the  reaction 
of  the  semicircular  canals  to  the  heat,  rotation  and  fistula  tests,  and  the  cochlea  to 
the  absolute  hearing  test,  in  order  to  rule  out  a  latent  diffuse  suppurative  labyrinthitis. 
If  this  is  present  the  labyrinth  must  be  opened  and  drained  at  the  time  of  the  radical 
operation.  Many  cases  of  meningitis  have  been  caused  simply  by  performing  a 
radical  operation  on  a  patient  who  is  also  suffering  from  an  unsuspected  diffuse 
purulent  inflammation  of  the  labyrinth. 

Indications  for  the  Radical  Operation. — 1.  In  simple  uncomplicated  cases 
of  chronic  purulent  otitis  media  that  resist  prolonged,  skillful  local  treat- 
ment, in  which  the  patient  desires  complete  relief  from  the  discharge. 
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2.  A  chronic  discharge  from  the  middle  ear,  accniiijumied  by  poor  or  fail- 
ing health,  other  causes  being  excluded.     These  cases  are  seen  especially  in 
children.1 

3.  Persistent  acute  exacerbations  of  a  chronic  suppuration  accompanied 
by  pain  or  mastoid  tenderness. 

4.  Eecurring  polyps  arising  from  any  part  of  the  middle  ear,  especially 
the  promontory,  antrum,  or  attic. 

5.  A  fistula  from  the  mastoid  cells  to  the  cortex  or  posterior  canal  wall. 

6.  Cases  of  cholesteatoma  resisting  local   treatment. 

7.  Fetid  suppuration,  resisting  long-continued  treatment 

8.  Paralysis  of  the  facial  nerve. 

9.  Chronic  suppuration  of  the  middle  ear,  exhibiting  symptoms  of  sus- 
pected sinus  thrombosis,  chills,  high  temperature. 

10.  Chronic  suppurations  of  the  middle  ear,  showing  symptoms  of  be- 
ginning intracranial  involvement,  headache,  nausea,  vertigo,  vomiting. 

11.  Chronic  suppurations  of  the  middle  ear,  with  an  intractable  stenosis 
of  the  auditory  canal. 

12.  Certain  cases  of  impacted  foreign  bodies  in  the  middle  ear,  to  facili- 
tate their  removal. 

ANATOMICAL    POINTS    TO    BE    NOTED 

1.  Facial  Nerve. — It  is  of  the  utmost  importance  for  the  operator  to  fa- 
miliarize himself  with  the  surgical  relations  of  the  facial  nerve  in  the  tem- 
poral bone.    Briefly,  the  facial  nerve  passes  outward  from  the  internal  auditory 
canal  until  it  reaches  the  anterior  and  upper  part  of  the  inner  wall  of  the 
middle  ear,  just  above  and  posterior  to  the  canal  for  the  tensor  tympani  mus- 
cle.    It  then  passes  backward  in  the  inner  wall  of  the  middle  ear,  above  the 
foramen  ovale,  until  beneath  the  floor  of  the  aditus,  when  it  bends,  to  descend 
almost  vertically  (see  page  146)  in  the  posterior  canal  wall,  to  emerge  from  the 
bone  at  the  stylomastoid  foramen.     The  anterior  part  of  the  external  semi- 
circular canal  bears  an  important  relation  to  the  vertical  part  of  its  course. 
It  juts  outward,  i.  e.  toward  the  operator,  over  the  facial  nerve,  as  does  the 
eave  over  the  corner  of  a  house,  so  that  in  lowering  the  posterior  canal  wall, 
we  can  remove  the  bone  until  we  reach  an  imaginary  vertical  line  dropped 
downward  from  the  convex  prominence  of  the  external  semicircular  canal.    The 
nerve  runs  in  a  canal  of  hard  bone,  the  aqueductus  Fallopii.     This  is  thinner, 
and  the  nerve  more  liable  to  injury  in  the  horizontal  part  of  its  course  on  the 
inner  wall  of  the  middle  ear  than  in  the  vertical  part  of  its  course  in  the  pos- 
terior canal  wall. 

2.  Character  of  the  Bone. — In  many  cases  of  long-continued  suppuration 
requiring  a  radical  operation,  many  if  not  all  of  the  mastoid  cells  have  become 

1  There  is  no  question  but  that  in  certain  cases  there  is  enough  absorption  of  the 
chronic  discharge  to  markedly  impair  the  general  health,  and  in  young  children  to  unfavorably 
influence  the  growth  and  development. 
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obliterated,  the  antrum  cavity  narrowed,  and  the  bone  has  assumed  a  dense 
ivory-like  character.  In  the  cholesteatoma  cases,  on  the  contrary,  the  bone  be- 
neath the  cortex  is  apt  to  be  soft  and  the  natural  cavities  of  the  ear  and  antrum 
enlarged  by  the  erosive  quality  of  the  cholesteatomatous  masses. 

3.  External  Semicircular  Canal. — This  is  covered  with  hard,  dense  bone 
whose  whiteness  usually  affords  a  marked  contrast  to  the  surrounding  tissue. 
Tt  should  always  be  sought  for  after  opening  the  antrum.     Its  relation  to  the 
antrum  has  already  been  noted  (see  page  116). 

4.  Lateral  Sinus. — As  previously  noted,  its  position  is  extremely  variable 
(see  page  116).    In  cases  requiring  a  radical  operation,  the  sinus  is  quite  apt  to 
be  far  forward. 

5.  The  Foramen  Ovale  and  Rotundum. — These  foramina   lie   in  the  pos- 
terior part  of  the  inner  wall  of  the  middle  ear,  just  anterior  to  the  junction  of 
the  inner  wall  and  posterior  canal  wall.     They  are  partly  covered  by  the  over- 
hanging canal  wall.     The  foramen  ovale,  lying  just  beneath  the  turn  of  the 
facial  nerve,  cannot  be  plainly  seen  during  the  radical  operation  unless  the 
facial  ridge  (see  page  136)  has  been  lowered  to  its  extreme  limit.    Even  then  it 
is  usually  covered  by  a  mass  of  granulations  which  should  not  be  disturbed. 

6.  The  Promontory. — This  is  the  rounded  prominence  on  the  inner  wall 
of  the  middle  ear  anterior  to  the  foramina  ovale  and  rotundum,  and  is  the 
bone  covering  the  first  and, second  turns  of  the  cochlea. 

7.  Eustachian  Tube. — The  opening  of  the  eustachian  tube  is  seen  in  the 
anterior  part  of  the  middle  ear,  in  the  niche  formed  by  the  anterior  and  inner 
wall,  about  3  or  4  mm.  above  the  floor. 

In  curetting  the  eustachian  tube,  its  relation  to  the  carotid  artery  must 
be  remembered.  The  internal  carotid  artery  lies  to  the  inner  side  and  below 
the  eustachian  tube,  separated  from  it  by  a  thin  plate  of  bone.  This  bone 
often  contains  dehiscences,  and  injury  of  the  carotid  artery  may  be  caused  by 
rough  or  incautious  curettage  of  the  tube. 

8.  Canal  for  Tensor  Tympani  Muscle. — This    lies    parallel    to    and    just 
above  the  eustachian  tube.     The  bony  partition  between  the  2  canals  is  often 
more  or  less  incomplete.     Emphasis  will  be  laid  on  this  in  connection  with 
curettage  of  the  eustachian  tube  (page  138).     The  horizontal  part  of  the 'Fallo- 
pian canal  lies  above  and  just  behind  the  canal  for  the  tensor  tympani,  and  it  is 
in  this  locality  that  the  bony  wall  is  extremely  thin  and  that  the  nerve  is 
liable  to  be  injured. 

9.  Olenoid  Fossa.— This  lies  on  the  anterior  surface  of  the  plate  of  bone 
forming  the  anterior  bony  canal  wall,  and  in  widening  the  canal  this  is  some- 
times entered.     As  a  rule,  the  articular  cavity  of  the  jaw  is  not  injured  and 
no  harm  results,  aside  from  a  slight  temporary  soreness  and  stiffness  of  that 
articulation.     If  the  synovial  cavity  is  injured,  a  serious  septic  arthritis  may 
ensue. 

10.  Jugular  Bulb.— The  jugular  bulb  is  in  relation  to  the  floor  of  the  mid- 
dle ear.     Cases  of  injury  during  the  course  of  a  radical  operation  have  been 
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reported,  but  it  is  an  uncommon  accident.  In  rare  instances,  there  is  a  con- 
genital defect  of  the  floor,  and  tin-  bull)  lies  in  the  floor  of  the  middle  ear, 
unprotected  by  a  bony  plate  and  liable  to  injury  even  with  the  most  careful 
use  of  the  curet. 

11.     Tegrmen  Tympani.— Above,  tin    middle  ear  is  separated  from  the  tern- 
porosphenoidal  lobe  of  the  brain  by  a  thin  plate  of  bone,  the  tegmen  tympani. 

TECHNIC  OF  THE  RADICAL  MASTOID  OPERATION 

It  is  convenient  to  perform  the  radical  operation  in  tin;  following  steps: 

1.  Incision. 

2.  Reflection  of  the  periosteum  and  separation  of  the  fibrous  auditory 
canal. 

3.  Preliminary  removal  of  bone  over  outer  wall  of  attic,  posterior  canal 
wall  and  antrum. 

4.  Opening  of  antrum  and  removal  of  mastoid  cells. 

5.  Removal  of  the  posterosuperior  quadrant  of  the  bony  canal  wall 

6.  Lowering  of  the  facial  ridge. 

7.  Removal  of  outer  wall  of  attic. 

8.  Obliteration  of  hypotympanum  and  widening  of  the  bony  canal. 

9.  Curettage  of  eustachian  tube. 

10.  Formation  of  plastic  flap. 

11.  Suture  of  posterior  wound  and  flap. 

12.  Dressing. 

1.  Incision. —The  usual  mastoid  incision  is  made  (see  page  99)  %  in.  be- 
hind the  postauricular  fold,  and  extending  from  the  tip  below  to  */£  in.  above 
the  superior  attachment  of  the  auricle.     In  certain  cases  it  is  advantageous 
to  prolong  this  somewhat  upward  and  forward. 

Some  operators  advocate  a  more  convex  incision  with  its  apex  almost  1  in.  pos- 
terior to  the  postauricular  fold.  This  makes  in  many  instances  a  more  conspicuous 
scar,  and  the  advantages  claimed  for  it  do  not,  in  my  opinion,  compensate. 

The  horizontal  incision  is  rarely  necessary,  and  is  not  made  as  a  matter 
of  routine. 

2.  Reflection   of   Periosteum    and   Separation   of   Fibrous    Auditory   Canal. 
—The  periosteum  is  now  reflected  in  the  usual  manner  and  the  lining  of  the 

bony  canal  separated  throughout  its  entire  circumference  with  a  medium-sized 
curet,  tearing  it  away  from  the  membrana  tympmii  (if  any  remains)  at  the 
annulus  tympanicus.  All  bleeding  vessels  are  clamped  and  the  posterior  edge 
of  the  wound  held  apart  with  the  sharp  retractor,  while  the  Whiting  retractor 
is  inserted  into  the  auditory  canal. 

I  have  never  seen  any  ill  effect  from  the  separation  of  the  entire  circum- 
ference of  the  auditory  canal,1  and  the  added  space  and  clear  view  of  the 

1  Some  authors  leave  the  anterior  part  attached  to  avoid  necrosis  of  the  canal  wall. 
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auditory  canal  gained  by  this  step  are  of  great  advantage  to  the  operator. 
3.  Preliminary  Removal  of  Bone  Over  the  Outer  Wall  of  the  Attic,  Antrim, 
and  Posterior  Canal  Wall.— The  cortex  over  the  above  regions  is  removed  to  the 
depth  of  about  i/8  in.  and  to  the  extent  shown  in  the  accompanying  figure. 
This  is  cautiously  done  with  a  medium-sized  gouge.  In  cases  where  the 
cortex  is  thick  this  enables  the  subsequent  work  on  the  antrum  and  canal  wall 
to  be  accomplished  with  greater  facility.  With  a  little  experience  this  can 
be  done  quite  rapidly.  In  children  with  soft  bones  this  step  may  be  omitted. 

Before  removing  the 
cortex  the  occasional 
operator  should  always 
preserve  in  his  mind's 
eye  the  location  of  the 
boundaries  of  the  supra- 
meatal  triangle. 

4.  Opening  of  the 
Antrum  and  Removal  of 
the  Mastoid  Cells.  —The 
method  of  opening  the 
antrum  has  been  given 
under  the  Simple  Mas- 
toid Operation  (page 
111).  In  chronic 
cases,  however,  the  fol- 
lowing peculiarities  are 
usually  noted,  which 
render  the  step  more 
difficult:  (a)  hardness 
and  thickness  of  the 
cortex;  (b)  the  apparent  depth;  (c)  smallness  of  the  antrum.  The  keynote 
in  this  procedure  is  to  proceed  slowly,  hug  the  posterior  canal  wall  and  pro- 
ceed in  a  direction  inward,  forward  and  a  little  upward.  When  opened,  the 
antrum  should  be  identified  by  means  of  a  probe  and  its  overhanging  walls 
removed.  The  dural  plate,  and  if  necessary  the  sinus  plate  behind  should  be 
identified  above.  In  a  chronic  case  always  be  on  the  lookout  for  a  low  dura 
and  a  far  forward  sinus.  Usually  the  mastoid  cells  are  few  in  number.  The 
bone,  if  not  sclerotic,  is  usually  diploetic  in  character.  All  suspicious  or 
doubtful  bone  in  the  mastoid  should  be  removed.  While  we  wish  to  avoid,  if 
possible,  a  large  mastoid  cavity,  it  is  safer  in  the  long  run  to  remove  any 
bone  that  seems  even  slightly  diseased,  removing  the  tip,  if  necessary.  The 
bone  in  the  zygomatic  region  is  now  removed  either  with  a  gouge,  or  a  Richards 
curet,  which  is  worked  from  within  outward,  using  the  posterior  tip  of  the 
bony  opening  as  a  fulcrum.  This  serves  to  narrow  the  ring  of  bone  at  the 
posterosuperior  canal  wall.  In  this  step  the  external  semicircular  canal  should 


FIG.  13. — RADICAL  OPERATION  (1).      Opening  of  the  antrum,  show- 
ing external  semicircular  canal  at  the  bottom  of  the  cavity. 
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be  identified.  On  account  of  the  ivory-like  character  of  the  surrounding  bone, 
it  usually  is  not  as  conspicuous  as  in  the  acute  cases. 

5.  Removal  of  the  Posterosuperior  Quadrant  of  the  Bony  Canal  Wall. 
— A  probe  is  now  passed  from  the  aiitrum  thmimli  the  a<litns  into  the  middle 
ear.  All  the  canal  wall  above  and  external  to  thie  probe  may  be  removed  in 
the  following  manner:  It  is  assumed  that  the  outer  wall  <•!'  the  antruni  has 
been  removed  completely  so  that  the  upper  border  of  tin-  mitral  opening  is 
flush  with  the  dural  plate,  and  that  the  periphery  of  tin-  upper  and  posterior 
part  of  the  canal  wall  has  been  outlined  by  the  removal  of  the  bone  covering 
the  zygomatic  area,  together  with  any  zygomatic  cells  that  may  be  present. 
This  removal  of  bone  in  the  zygomatic  region  decreases  the  anteroposterior 
dimensions  of  the  bone  to  be  removed  and  renders  the  final  removal  of  the 
bony  ring  easier  and  less  dangerous  to  the  facial  nerve  which  lies  beneath 
and  below. 

The  outer  portion  of  the  posterior  canal  wall,  i.  e.  approximately  one-third, 
may  be  removed  with  the  rongeur  and  the  remainder  with  the  chisel,  or  the 
entire  segment  with  the 
chisel  in  the  manner  de- 
scribed below: 

With  a  sharp,  medium- 
sized  Whiting  chisel  a  verti- 
cal cut  1  mm.  in  depth  is 
made  into  the  bone  of  the 
posterior  canal,  just  below 
the  level  of  the  dural  plate, 
the  chisel  being  held  with  the 
flat  edge  toward  the  dura; 
starting  below  at  the  level 
of  the  canal  floor,  a  layer  of 
bone  is  shaved  from  the  pos- 
terior canal  wall,  meeting 
the  vertical  incision  above, 
the  chisel  now  being  held 
with  the  beveled  edge  toward 
the  bone.  Thus  a  wedge- 
shaped  shaving  will  be  taken 

from  the  posterior  canal  wall,  thin  below  and  thicker  above,  its  base  correspond- 
ing to  the  depth  of  the  vertical  incision.  This  process  is  repeated  until  all  that 
remains  of  the  upper  posterior  wall  is  a  thin  bony  hrnlne  with  the  antruni  pos- 
terior and  above,  the  cavity  of  the  middle  ear  anterior  and  below. 

By  this  method,  it  will  be  seen  that  the  chisel  is  driven  vertically  inward  only 
above  the  level  of  the  facial  nerve,  while  the  chisel  when  lowering  the  lower  part  of 
the  canal  wall  is  held  almost  parallel  to  the  nerve,  reducing  to  a  minimum  the  chance 
of  injury  by  a  slip  of  the  instrument 


,- 


FIG.  14. — RADICAL  OPERATION  (2).  Showing  "bridge." 
The  probe  is  passed  from  the  aditus,  beneath  the  bridge, 
into  the  cavity  of  the  middle  ear. 
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The  remaining  bridge  of  bone  is  now  thinned  from  behind  by  the  cautious 
use  of  a  small  Richards  curet,  and  may  be  removed  by  one  of  2  methods: 

(a)  It  may  be  bitten  away  in  one  piece  by  the  Jansen  forceps,  care  being 
taken  not  to  twist  the  instrument  while  this  is  being  done. 

(b)  Or,  a  small  chisel  may  be  placed  at  its  upper  extremity,  and  smartly 
tapped;  in  this  method  the  bridge  may  be  fractured  above  and  below  without 
the  fracture  line  extending  into  the  Fallopian  canal  and  injuring  the  nerve. 
If  a  chisel  is  used  at  the  lower  extremity  of  the  bridge,  injury  to  the  facial 
nerve  is  apt  to  result. 

The  remainder  of  the  canal  wall  forms  the  so-called  facial  ridge.  At  its 
upper  and  anterior  extremity  is  now  seen  a  small  spur  of  bone,  the  remains  of 
the  annulus  tympanicus.  Directly  below  and  beneath  this  are  the  stapes  and 

foramen  ovale,  while  at  its 
inner  side  lies  the  facial 
nerve.  This  spur  must  be 
cautiously  shaved  down  until 
completely  obliterated.  This 
is  done  with  the  side  of  a 
curet,  working  from  above, 
using  the  upper  edge  of  the 
bone  cavity  as  a  fulcrum. 

6.  Lowering  of  the  Facial 
Ridge.  —  The  facial  ridge 
must  now  be  lowered  until  it 
reaches  an  imaginary  verti- 
cal line  dropped  (with  the 
patient  in  the  upright  posi- 
tion) downward  from  the 
convexity  of  the  external 

semicircular    canal.       This    is 

i  ,  0™™^!^!^  V|V  flip  imp 
bGSt  accomplish 

of  a  large-sized  Richards 
curet,  working  from  above 

and  using  as  before  the  upper  edge  of  the  bone  cavity  as  a  fulcrum.  At  the 
base  of  the  ridge,  nearing  the  floor  of  the  auditory  canal,  a  sharp  Whiting's 
-"111:0  used  in  the  hand  will  be  found  more  efficient  than  the  curet.  With 
these  two  instruments  the  bone  should  be  taken  away  in  thin  shavings,  the 
face  being  closely  watched  by  the  anesthetist  for  twitching  which  denotes  that 
the  facial  nerve  is  in  dangerous  proximity.  If  the  facial  ridge  is  lowered  to 
the  extreme  limit  of  safety  in  the  manner  described,  the  facial  artery,  which 
lies  in  the  general  course  of  the  nerve,  but  somewhat  external  to  it,  will  be 
divided.  This  is  a  very  small  vessel  and  the  resulting  hemorrhage  is  easily 
checked  by  pressure. 

7.    Kemoval  of  the  Outer  Wall  of  the  Attic.—  The  outer  wall  of  the  attic, 


Fio.  15.—  RADICAL  OPERATION  COMPLETED.  The  cavity  of 
the  antrum  and  middle  ear  are  seen  converted  into  one. 
The  eustachian  tube  is  seen  at  the  anterior  part  of  the 

bony  cavity. 
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if  any  remains  after  the  preliminary  removal  of  bone  (see  page  134)  and  after 
the  cutting  away  of  the  posterosuperior  quadrant  of  the  canal  wall,  is  now 
removed  so  that  the  outer  border  is  on  a  level  with  the  highest  point  of  the 
attic  cavity  and  there  is  no  overhang.  Especially  important  is  it  to  remove  the 
overhang  at  the  junction  of  the  anterior  and  outer  walls  of  the  middle  ear. 
This  may  be  done  with  a  medium-sized  curet,  using  the  side  of  the  instru- 
ment, and  working  from  within  outward.  Oftentimes  in  this  region  the  dura 
has  been  exposed  by  the  pathological  process.  If  so,  it  should  be  treated  as 
in  the  simple  mastoid  operation. 

The  contents  of  the  middle  ear  cavity,  which  probably  consist  of  granula- 
tions and  necrotic  ossicles,  may  now  be  removed  by  the  gentle  use  of  a  curet, 
inserting  the  instrument  into  the  cavity  and  curetting  gently  outward  away 
from  the  promontory  and  foramen  ovale.  After  this  is  done  the  cavity  is  packed 
for  a  moment  with  gauze  saturated  with  adrenalin  1 : 1,000.  This  checks  the 
oozing  and  makes  the  bony  landmarks  more  prominent. 

8.  Obliteration  of  the  Hypotympanum. — In  many  of  the  cases  requiring  a 
radical  operation,  the  bony  canal  wall  has  become  narrowed  by  a  thickening  of 
its  lumen  following  the  chronic  suppuration. 

It  is  essential  for  good  drainage  and  perfect  healing  that  the  distance  between 
the  anterior  canal  wall  and  facial  ridge  be  made  as  great  as  possible,  for  the  granu- 
lations have  a  tendency  to  bridge  across  this  space.  This  is  accomplished  by: 

(a)  Kemoval  of  the  facial  ridge  to  its  lowermost  limit. 

(b)  Thinning  of  the  anterior  canal  wall. 

(c)  Obliteration  of  the  hypotympanum. 

The  facial  ridge  has  been  considered  in  the  preceding  paragraph. 

The  anterior  tip  of  the  eustachian  tube  and  canal  wall  may  be  thinned  with 
a  small  curet,  starting  at  the  orifice  of  the  eustachian  tube  and  proceeding 
outward.  This  should  be  done  until  the  convexity  of  the  bone  external  to  the 
tube  has  been  entirely  removed. 

Boughly,  the  hypotympanum  is  that  part  of  the  middle  ear  cavity  lying 
below  the  floor  of  the  bony  canal.  This  overhang  (i.  e.  the  outer  wall  of  the 
above  cavity)  should  be  removed  so  that  the  canal  floor  is  on  a  level  with  the 
lowermost  part  of  the  tympanic  cavity.  It  is  necessary  to  pay  especial  atten- 
tion to  the  overhang  at  the  junction  of  the  base  of  the  facial  ridge  and  the 
posterior  part  of  the  hypotympanum.  This  is  a  point  in  the  operative  techinc 
that  is  frequently  neglected,  and  its  omission  is  a  factor  in  a  certain  number  of 
postoperative  failures. 

In  this  locality  the  facial  nerve,  instead  of  proceeding  vertically  downward,  turns 
somewhat  backward,  so  that  the  overhang  may  be  cautiously  removed  without  danger 
to  its  integrity.  This  is  done  with  a  small  No.  0  Richard  curet,  supplemented  by  a 
Whiting  gouge,  and  by  scraping  from  within  outward.  When  the  hypotympanum 
has  been  completely  obliterated,  a  probe  may  be  passed  from  the  junction  of  the  inner 
wall  and  the  floor  directly  outward  without  encountering  any  ridge  of  bone. 


138      THE  EAK  AND  ADJACENT  STRUCTUKES 

9.  Curettage  of  the  Eustachian  Tube.  —  The  mucous  membrane  must  now 
be  removed  from  the  interior  of  the  eustachian  tube  as  far  down  as  the  isthmus. 
Failure  to  do  this  often  results  in  a  permanent  communication  with  the  throat  ; 
accompanied  by  an  intermittent  or  continuous  discharge  and  by  the  constant 
liability  of  the  operative  cavity  to  a  reinfection.  This  is  best  done  by  the  use 
of  the  Yankauer  curets.  While  not  designed  by  Yankauer  for  use  in  the 
radical  operation,  I  have  used  them  constantly  for  that  purpose,  since  their 
introduction,  and  have  found  them  most  efficient.  If  these  are  not  at  hand, 


FIG.  16.  —  YANKAUER  EUSTACHIAN  CUKET  SHOWING  DETAIL  OF  HEAD. 

a  very  small  Volkmann  curet  may  be  used  in  their  stead.     Some  operators 
prefer  a  hand-burr. 

Again  I  must  emphasize  the  relationship  of  the  carotid  artery,  i.  e.  its  position, 
to  the  lower  and  inner  side  of  the  tube.  Often  a  group  of  cells  is  found  extending 
from  the  aural  opening  of  the  tube  to  the  hypotympanum.  These,  if  present,  must 
be  removed.  If  cells  are  not  present  in  this  locality  cancellous  bone  may  be  found; 
this  should  be  removed  with  a  curet  until  the  walls  are  smooth  and  hard. 

The  canal  for  the  tensor  tympani  runs  just  above  and  parallel  to  the 
eustachian  tube.  The  bony  partition  between  them  should  be  broken  down 
with  a  curet  and  the  2  tubes  made  into  one  for  as  great  a  portion  of  their 
length  as  is  possible.  This  allows  their  lumina  to  fill  up  with  granulations  and 
eventually  to  be  obliterated. 

Failure  to  treat  adequately  the  eustachian  tube  and  the  canal  for  the  tensor 
tympani  muscle  is  responsible  for  a  persistent  discharge  in  many  cases  upon  whom 
the  radical  operation  has  been  performed. 

When  this  step  has  been  accomplished  the  cavity  is  flushed  with  a  normal 
saline  solution  and  dried.  It  is  then  inspected  carefully  to  make  sure  that 
the  operator  has  not  overlooked  any  diseased  area  either  in  the  middle  ear 
or  in  the  mastoid  process.  If  these  are  found  they  should  receive  appropriate 
treatment.  The  area  of  the  promontory  and  foramen  ovale  should  be  excepted. 
In  my  opinion  curettage  of  this  area  is  not  only  unnecessary  in  cases  requiring 
simply  a  radical  operation,  but  fraught  with  danger.  Rough  and  improper 
treatment  of  the  promontory  and  meddling  with  the  foramen  ovale  have  without 
dniil)t  been  responsible  for  a  certain  number  of  cases  of  acute  labyrinthitis  fol- 
lowing the  radical  operation.  Granulations  over  these  'areas  should  not  be 
disturbed.  If  the  rest  of  the  operative  cavity  be  properly  exenterated  the 
surgeon  nee4  feel  no  uneasiness  as  regards,  the  resolution  of  the  tissue  in  this 
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area.     Of  course  this  does  not  apply  to  cases  where  a  labyrinthitis  is  present 
(see  Labyrinth  Operation). 

10.  Formation  of  a  Plastic  Flap.- — Tin*   purpose  of  this  step  is  twofold: 
first,  to  enlarge  the  external  auditory  canal  so  as  to  allow  of  subsequent  dress- 
ings through  its  lumen;  second,  to  utilize  the  skin  of  the  canal  in  lining  the 
operative  cavity.     Various  plastic  operations  have  been  devised  for  this  pur- 
pose;  however,   I   describe  one  which  is  simple  and  admirably  fulfills  its 
function. 

Tli is  consists  of  two  incisions,  meeting  each  other  at  right  angles,  a  vertical 
one  in  the  concha  and  a  horizontal  one  in  the  floor  of  the  canal.  The  sharp 
Map  knife  is  taken  and  thrust  through  the  concha  at  a, 
and  carried  downward  in  a  curved  direction  just  out- 
side the  line  of  junction  of  the  concha  with  the  canal 
until  it  reaches  I),  the  junction  of  the  concha  with  the 
floor  of  the  canal.  This  incision  extends  through  the 
entire  thickness  of  the  concha.  The  size  of  the  future 
<anal  can  be  governed  by  the  distance  of  the  incision 
behind  the  conchomeatal  junction.  We  usually  plan 
to  make  a  canal  through  which  we  can  pass  the  tip  of 
the  little  finger.  Too  large  a  meatus  causes  undue 
disfigurement. 

The  flap  is  completed  by  a  second  incision  extend- 
ing directly  inward  from  b  along  the  floor  to  the  inner- 
most extremity  of  the  canal.     This  is  conveniently 
made  by  inserting  the  probe-pointed  flap  knife  into 
the  lowermost  part  of  the  vertical  incision  from  be- 
hind, and  severing  the  floor  of  the  canal.     The  flap 
thus  formed  is  pulled  upward  and  backward,  the  carti- 
lage removed  from  its  surface  with  the  scissors,  and  sutured  to  the  fascia  cover- 
ing the  temporal  muscle,  so  that  when  the  auricle  is  in  its  proper  position  the 
flap  lies  smoothly  against  the  upper  part  of  the  operative  cavity.     If  the  dura 
has  been  exposed,  care  should  be  taken  that  this  flap  does  not  lie  against  it. 

11.  Suture  of  the  Posterior  Wound. — It  is  desirable,  if  possible,  to  close 
the  posterior  wound.     Michel  clamps  or  silkworm-gut  sutures  are  used. 

The  lower  part  of  the  posterior  incision  should  be  left  open  in  the  fol- 
lowing conditions: 

1.  Large  mastoid  cavity. 

2.  Exposure  of  a  considerable  area  of  dura  or  sinus. 

3.  Cases  of  cholesteatoma. 

4.  In  cases  of  suspected  intracranial  complications. 

Before  the  posterior  wound  is  sutured,  the  cavity  should  be  lightly  packed 
through  the  auditory  canal  with  5  per  cent,  iodoform  gauze. 


FIG.  17. — RADICAL  OPERATION 
SHOWING  THE  LINES  OF 
INCISION  FOR  THE  FORMA- 
TION OF  A  PLASTIC 
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INJURY   TO    THE    FACIAL   NERVE 

During  the  entire  performance  of  the  radical  operation  the  anesthetist  should 
carefully  watch  the  face  of  the  patient  for  twitching  of  the  eye  and  face  which 
denotes  that  the  surgeon  is  in  dangerous  proximity  to  the  facial  nerve.  If  this  is 
seen,  he  should  at  once  warn  the  operator. 

In  the  ordinary  radical  operation  the  facial  nerve  should  not  be  injured  by 
the  careful  operator.  If  the  nerve  has  already  been  exposed  in  its  course  by  the  patho- 
logical process,  slight  injury  is  sometimes  unavoidable. 

Facial  paralysis  is  of  two  kinds :  first,  that  caused  by  injury  to  the  nerve 
at  operation;  this  paralysis  appears  immediately  after  operation,  its  extent 
and  prognosis  depending  upon  the  amount  of  injury  inflicted;  second,  that 
caused  by  a  traumatic  or  a  pressure  neuritis  without  actual  injury  to  the  in- 
tegrity of  the  nerve  itself.  This  may  often  be  caused  by  the  removal  of  necrotic 
bone  in  close  proximity  to  the  nerve  or  the  use  of  too  tight  postoperative  pack- 
ing. In  the  latter  case  the  paralysis  appears  only  at  an  interval  of  24  to  48 
hours  after  operation,  is  almost  never  complete  and  may  disappear  in  a  few 
days,  or  as  late  as  3  months  after  its  onset.  In  these  cases  the  paralysis  is 
rarely  permanent  and  need  cause  the  operator  but  little  anxiety.  The  most 
frequent  sites  of  these  injuries  are  not,  as  is  commonly  supposed,  along  the 
facial  ridge,  but  in  one  of  two  places:  first,  where  the  facial  nerve  enters  the 
middle  ear  above  and  behind  the  canal  for  the  tensor  tympani;  second,  at  the 
posterior  part  of  the  hypotympanum  where  the  facial  ridge  joins  the  inner 
part  of  the  floor  of  the  bony  canal. 

AFTER-TREATMENT 

The  primary  packing  is  removed  on  the  third  to  the  fifth  day  after  opera- 
tion and  then  dressed  every  other  day  with  either  balsam  of  Peru  or  5  per  cent, 
iodoform  gauze.  When  the  cavity  is  covered  with  granulations,  usually  in 
about  2  weeks,  the  packing  may  be  omitted.  The  ear  is  then  irrigated  once  or 
twice  a  day  to  remove  the  discharge  and  the  cavity  treated  by  the  instillation 
of  a  warmed  solution  of  boric  acid  in  alcohol.  Exuberant  granulations  should 
be  removed  from  time  to  time  either  with  a  sharp  curet,  or  by  cauterization 
with  a  chromic  acid  bead,  in  order  that  the  operative  cavity  shall  present  a 
smooth  even  surface  for  epidermization.  By  this  method  the  operative  cavity 
finally  heals  by  the  epithelium  growing  in  from  the  edges  of  the  canal  and 
finally  covering  the  granulations. 

At  times  the  healing  period  may  be  hastened  by  the  use  of  Thiersch's 
grafts. 

Skin  Grafting  Following  the  Radical  Operation. —In  suitable  cases  the 
process  of  healing  after  a  radical  operation  may  be  hastened  considerably  by 
the  application  of  Thiersch's  grafts  to  the  operative  cavity. 

While  some  operators  apply  grafts  to  the  freshly  operated  cavity  with  some 
success,  I  feel  on  account  of  the  complications  (meningitis)  which  I  have 
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observed  following  this  practice,  that  it  is  safer  to  use  only  secondary  grafts 
applied  one  week  to  ton  days  after  the  operation. 

TECHNIC  OF  SKIN  GRAFTING.— In  the  following  description  of  the 
technic  I  wish  to  acknowledge  my  indebtedness  to  a  paper  by  .Mr.  (has.  F. 
Ballance  (2). 

"After  an  interval  of  eight  to  ten  days  after  operation  the  posterior  wound  is  re- 
opened and  the  cavity  gently  curetted.  All  bleeding  is  arrested  and  the  cavity  cleansed 
with  peroxid  Sol.  and  flushed  with  saline.  The  grafts  are  now  cut  preferably  from  the 
inner  surface  of  the  thigh.  They  should  be  large  and  thin.  They  may  be  k«-pt  "i.  plates 
of  glass  or  they  may  be  immediately  carried  to  the  wound  on  a  microscope  section 
lifter.  The  front  border  of  the  lifter  is  placed  against  the  outer  or  superficial  edge 
of  the  anterior  wall  of  the  cavity  in  the  bone  made  by  the  operation.  The  margin 
of  the  graft  is  now  coaxed  from  off  the  lifter  on  to  this  superficial  edge,  and  also 
above  on  to  adjoining  superficial  edge  of  the  roof  of  the  cavity,  just  below  the  linea 
temporalis.  The  upper  and  anterior  margins  of  the  graft  thus  placed  are  held  in 
position  by  a  probe.  The  section  lifter  is  gradually  withdrawn  and  the  lower  and 
posterior  edges  of  the  graft  dropped  against  the  posterior  and  lower  boundaries  of  the 
operative  cavity.  The  graft  there  bridges  over  the  operative  cavity.  The  air  and 
blood  which  separate  the  graft  from  the  inner  wall  of  the  tympano-antral  cavity 
are  removed  by  a  little  skillful  manipulation,  but  chiefly  by  suction  through  a  pipet, 
insinuated  beneath  the  edge  of  the  graft  so  that  it  clings  closely  to  the  contour  of  the 
operative  cavity.  The  graft  is  now  held  flat  by  atmospheric  pressure  against  (1)  the 
anterior  wall  of  the  cavity  formed  internally  by  the  anterior  boundary  of  the  tympanum 
and  attic  and  externally  by  the  anterior  wall  of  the  enlarged  osseous  meatus;  (2) 
the  anterior  part  of  the  roof  of  the  cavity  formed  by  the  tegmen-tympani  and  the 
superior  wall  of  the  enlarged  osseous  meatus;  (3)  the  inner  walls  of  the  attic  and 
tympanum;  (4)  the  tegmen-antri ;  (5)  the  tuberosity  formed  by  the  horizontal  semi- 
circular canal  and  the  Fallopian  canal;  and  (6)  the  inner  wall  of  the  antrum.  A 
little  bleeding  is  apt  to  come  from  the  neighborhood  of  the  Eustachian  tube  and  the 
pipet  may  have  to  be  used  more  than  once.  It  is  undesirable  to  graft  the  posterior 
and  lower  part  of  a  very  large  mastoid  cavity,  for  this  will  make  the  permanent  cavity 
unnecessarily  large.  The  main  effort  should  be  directed  to  covering  the  tegmen,  the 
inner  wall  of  the  attic,  the  tympanum  and  the  antrum." 

"The  graft  is  held  against  the  bone  with  small  plugs  of  cotton,  dusted  with  aristol. 
The  first  plug  is  placed  in  the  lower  part  of  the  tympanum  and  often  extends  into 
the  upper  part  of  the  Eustachian  tube;  the  next  is  placed  against  the  upper  part  of 
the  inner  wall  of  the  tympanum  and  attic;  and  the  next  against  the  inner  boundary 
of  the  aditus  and  antrum.  About  seven  plugs  are  usually  employed.  One  or  two 
grafts  are  also  placed  on  the  inner  surface  of  the  mastoid  flap,  corresponding  in  extent 
to  the  tympanum,  attic  and  antrum.  These  grafts  should  be  arranged  so  as  to 
cover  the  raw  edge  of  the  posterior  margin  of  the  meatus.  They  thus  are  inveigled 
through  the  meatus  and  appear  on  the  skin  surface  of  the  concha.  The  mastoid 
flap  is  replaced  and  sutured.  A  small  gauze  mop  is  placed  in  the  meatus  to  support 
the  grafts  against  its  edge  and  a  dry  sterile  dressing  applied.  This  should  be  changed 
daily  and  the  plugs  removed  from  the  third  to  the  sixth  day,  depending  upon  the 
presence  of  discharge,  pain  or  fever.  The  dead  part  of  the  graft  comes  away,  leaving 
a  smooth  pink  surface,  which  rapidly  becomes  pearly  gray.  The  subsequent  treat- 
ment consists  of  gently  removing  the  secretion  daily  with  a  dilute  solution  of  hydro- 
gen peroxid  and  applying  a  dusting  powder.  In  the  favorable  cases  healing  is  com- 
glete  in  two  or  three  weeks." 
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PROGNOSIS  AFTER  A  RADICAL  OPERATION 

In  simple  uncomplicated  cases  we  should  expect  a  cure  (i.  e.  a  perfectly 
epidermatized  dry  ear  in  80  to  90  per  cent,  of  the  cases).  The  percentages  of 
failures,  if  we  exclude  those  due  to  poor  operative  technic,  occur  among  patients 
the  subjects  of  syphilis,  tuberculosis,  diabetes,  arteriosclerosis,  or  some  other 
constitutional  disorder,  or  in  cases  following  scarlet  fever,  measles  or 
diphtheria.  In  the  cholesteatoma  cases  a  recurrence  is  not  infrequent,  and 
from  time  to  time  the  cholesteatomatous  masses  may  be  removed  from  the 
operative  cavity. 

In  the  simple  uncomplicated  cases  the  mortality  should  be   almost  nil. 

COMPLICATIONS    FOLLOWING    THE    RADICAL    OPERATION 

1.  Facial  paralysis. 

2.  Cellulitis  of  the  flaps. 

3.  Sinus  thrombosis. 

4.  Cerebral  or  cerebellar  abscess. 

5.  Acute  meningitis. 

6.  Acute  labyrinthitis. 

7.  Postauricular  fistula. 

Facial  paralysis  has  already  been  considered.  Cellulitis  of  the  flaps  occurs 
especially  in  those  cases  in  which  the  posterior  wound  has  been  sutured 
throughout  its  entire  extent. 

Sinus  thrombosis,  meningitis  and  brain  abscess  sometimes  apparently  fol- 
low the  radical  operation,  bnt  in  the  majority  of  cases  they  have  been  present, 
undiagnosticated,  at  the  time  of  the  original  operation.  They  may  also  be 
caused  by  the  accidental  injury  to  the  brain  or  sinus  at  the  time  of  operation. 

Acute  labyrinthitis  may  be  caused  by  an  accidental  dislocation  of  the  foot 
plate  of  the  stapes  or  a  perforation  of  the  fenestrum  ovale.  A  postauricular 
fistula  sometimes  persists  in  the  wounds  that  have  been  left  open  behind,  or 
which  have  broken  down.  In  certain  cholesteatoma  cases  a  persistent  fistula  is 
sometimes  intentionally  formed  so  as  to  better  treat  the  middle  ear  cavity. 


OPERATIONS  UPON  THE  LABYRINTH 

Recent  advances  in  knowledge  of  the  suppurative  diseases  of  the  inner 
ear  or  labyrinth  make  it  essential  that  those  who  are  called  upon  to  do  mastoid 
surgery  should  have  at  least  rudimentary  knowledge  of  the  subject. 

It  is  impossible  in  this  article  to  discuss  even  briefly  the  pathology  and  the 
symptomatology  of  suppurative  labyrinthitis  secondary  to  middle  ear  disease.  The 
author  must  reluctantly  confine  himself  to  a  brief  description  of  the  tests  of  the  inter- 
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nal  ear  function,  the  indications  for  operation  upon  the  labyrinth  and  a  rehearsal  of 
the  different  types  of  operation  upon  this  structure. 

The  inner  ear  or  labyrinth  is  composed  of  2  parts,  the  cochlea,  and  the 
vestibule  and  semicircular  canals.  The  cochlea  is  the  organ  of  the  sense  of 
hearing,  and  the  vestibule  and  semicircular  canals  have  to  do  with  the  sense 
of  orientation. 

Functional  Tests  of  Inner  Ear ABSOLUTE  HEABINO  TEST. — The  func- 
tion of  the  cochlea  may  be  ascertained  by  the  absolute  hearing  test  The 
principle  of  this  test  is  that  if  any  hearing  is  present  in  the  diseased  ear,  the 
cochlea  has  not  been  seriously  affected  by  the  purulent  inflammation.  The 
hearing  of  the  sound  ear  must  be  excluded  by  the  use  of  a  noise  apparatus 
(Barany).  This  is  a  clockwork  apparatus,  and  when  wound,  started  and 
placed  in  the  sound  ear,  makes  so  much  noise  as  to  entirely  exclude  it  from 
the  test.  The  diseased  ear  is  then  tested  by  the  loud  voice  close  to  the  ear. 
If  any  hearing  remains,  the  cochlea  has  not  been  invaded  by  the  purulent 
inflammation.  If  no  hearing  remains,  the  cochlea  is  not  functionating  and 
probably  at  some  time  has  been  invaded  by  a  suppurative  process.  It  is  not 
justifiable,  by  this  test  alone  without  the  aid  of  other  symptoms,  to  assume 
that  the  cochlea  is,  at  the  time  of  the  test,  the  seat  of  the  suppurative  process. 

The  function  of  the  semicircular  canals  is  best  ascertained  by  (1)  the 
caloric  test;  (2)  the  rotation  test.  Of  these  the  caloric  is  the  most  valuable 
and  the  easiest  to  apply. 

CALOKIC  TEST. — This  test  depends  on  the  fact  that,  if  a  normal  ear  be 
syringed  or  irrigated  with  a  solution  whose  temperature  is  86°  to  65°  F.,  a 
nystagmus  to  the  opposite  side  will  be  induced.  The  length  of  time  between 
the  beginning  of  the  test  and  the  onset  of  the  nystagmus  is  to  be  noted,  as 
well  as  the  duration  of  the  nystagmus.  There  are  great  variations  within 
normal  limits.  If  water  of  86°  F.  be  used,  the  time  of  irrigation  required 
to  produce  the  nystagmus  is  about  40  seconds.  The  physiological  limits  are 
from  10  seconds  to  3  minutes.  The  nystagmus  has  an  average  duration  of 
about  2  minutes. 

If  nystagmus  cannot  be  induced,  we  can  state  that  the  normal  reaction 
of  the  semicircular  canals  is  absent,  and,  as  a  rule,  in  the  presence  of  sup- 
puration of  the  middle  ear,  we  are  justified  in  assuming  an  invasion  of  the 
vestibule  and  semicircular  canals. 

THE  KOTATION  TEST. — This  is  less  valuable  than  the  caloric  test.  It  is 
more  elaborate,  requiring  a  special  revolving  chair,  and  is  subject  to  greater 
variations  and  to  more  sources  of  error. 

It  depends  on  the  fact  that  if  a  normal  person  seated  with  head  erect  in 
a  revolving  chair  is  rapidly  rotated  10  times  and  then  suddenly  stopped,  an 
after-nystagmus  will  be  induced  whose  direction  is  opposite  to  the  direction 
of  the  rotation.  The  duration  of  this  nystagmus  is  about  40  seconds.  The 
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duration  of  nystagmus  caused  by  rotation  in  opposite  directions  usually  varies 
not  more  than  3  or  4  seconds.  It  is  the  shortening  of  the  duration  of  the 
nystagmus  of  one  side,  in  comparison  to  that  of  the  other  side,  that  is  sig- 
nificant of  vestibular  destruction.  Kerrison  states  this  in  the  following  for- 
mula: "Great  shortening  of  the  after-nystagmus  in  one  direction,  as  com- 
pared with  that  in  the  opposite  direction,  points  to  a  non-functionating  laby- 
rinth on  the  side  toward  which  the  shortened  nystagmus  is  directed." 

FISTULA  TEST. — In  this  test  a  nystagmus  is  produced  by  a  rarefaction  or 
condensation  of  air  in  the  middle  ear.  If  present,  it  is  indicative  of  a  fistula 
of  the  bony  capsule  of  the  vestibule  or  semicircular  canals  and  of  the  reaction 
of  these  structures.  A  positive  fistula  test  is  of  value.  A  negative  test  is 
of  no  value  whatever.  Even  though  there  be  a  fistula,  this  test  cannot  be 
obtained  in  the  presence  of  a  non-reaching  labyrinth  or  in  the  presence  of 
anything  that  interferes  with  the  rarefaction  or  condensation  of  air  in  the 
middle  ear. 

This  test  is  best  performed  with  a  Siegle's  otoscope,  to  which  a  Politzer's 
bag  has  been  attached. 

Symptoms  of  Vestibular  Irritation. — The  characteristic  and  essential  symp- 
toms of  vestibular  irritation  are :  (1)  nystagmus;  (2)  vertigo;  (3)  ataxia. 

NYSTAGMUS. — Vestibular  nystagmus  is  a  rhythmic  movement  of  both  eyes 
in  response  to  vestibular  stimulation.  Nystagmus  of  vestibular  origin  has 
the  following  characteristics:  It  is  composed  of  a  quick  movement  in  one 
direction  followed  by  a  slow  recovery.  It  is  named  according  to  the  direction 
of  the  quick  component.  It  is  increased  in  intensity  when  the  eyes  are  turned 
in  the  direction  of  the  quick  component  and  decreased  when  turned  in  the 
opposite  direction. 

VERTIGO. — In  vertigo  of  vestibular  origin,  the  patient  has  the  sensation 
of  objects  rotating  around  him.  The  plane  of  rotation  is  always  the  plane  of 
the  nystagmus.  The  direction  of  the  rotation  varies,  usually  from  the  side 
of  the  slow  nystagmus  movement.  If  the  patient's  eyes  are  turned  in  the 
direction  of  the  quick  component,  the  vertigo  is  increased. 

ATAXIA. — In  ataxia  of  vestibular  origin,  the  patient  tends  to  fall  toward 
the  diseased  ear.  Change  in  position  of  the  head  modifies  the  direction  to 
which  the  patient  tends  to  fall  (i.  e.  by  changing  the  position  of  the  diseased 
ear). 

Barany  of  Vienna  was  the  first  person  to  discover  the  relationship  be- 
tween these  three  symptoms  of  vestibular  disease,  and  has  thus  tersely  ex- 
pressed it : 

"1.  Spontaneous  vertigo  of  vestibular  origin  is  always  accompanied  by  some 
degree  of  spontaneous  vestibular  nystagmus,  and  is  always  increased  when  the  eyes 
are  turned  in  the  direction  of  the  quick  nystagmic  movement. 

"2.  Vestibular  ataxia  is  always  accompanied  by  vestibular  nystagmus  and  is 
always  influenced  by  the  position  of  the  head. 
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"3.  A  person  exhibiting  vestibular  nystagmus  tends  to  move  (rotate)  within  the 
plane  of  the  nystagmus,  and  to  fall  in  the  din-rtimi  opposite  to  the  direction  of  the 
quick  nystagmic  movement." 

General  Considerations. — The  operation  of  opening  the  labyrinth  is  a 
dangerous  one  and  the  problem  of  the  surgeon  is  to  balance  the  risk  of  opera- 
tion against  the  ultimate  outcome  of  the  lahvrinthine  inflammation  if  not 
operated  upon.  Inflammation  of  the  labyrinth  /,<>r  se  is  never  fatal,  but  in 
its  tendency  to  spread  to  the  meninges  lies  the  clement  of  dam 

The  aim  of  operative  procedures  is  thorough  drainage  of  the  affected  area. 

Indications  for  Operation  upon  the  Labyrinth  (Cochlea,  Vestibule,  and  Semi- 
circular canal). — 1.  In  acute  diffuse  suppurative  lah\  rinthitis,  where  there 
are  symptoms  of  beginning  involvement  of  the  meninges. 

2.  In  acute  diffuse  suppurative  laby rinthitis  which  immediately  follows 
a  radical  operation,  probably  indicating  an  injury  to  the  stapes  and  foramen 
ovale  during  operation.     These  cases,  if  not  operated  upon,  rapidly  incite  a 
meningitis.     If  these  cases  are  operated  upon  before  meningitis  appears,  tilt- 
prognosis  is  fair.     If  operated  upon  after  the  onset  of  meningitis,  the  out- 
come is  usually  fatal. 

3.  In  chronic   diffuse  suppurative  labyrinthitis,  complicating  a  chronic 
suppurative  condition  of  the  ear  and  mastoid  process   requiring  operation. 

In  these  cases  the  diagnosis  of  chronic  diffuse  labyrinthitis  is  made  by 
the  history  of  one  or  more  attacks  of  nystagmus,  vertigo,  ataxia,  and  upon 
examination,  finding  the  labyrinth  unresponsive  to  the  caloric  test  and  totally 
deaf.  In  these  cases,  if  the  mastoid  is  operated  upon,  the  labyrinth  must  be 
drained  also.  However,  in  this  connection,  it  is  possible  to  conceive  of  a 
labyrinth  giving  this  history  and  these  tests  and  yet  so  obliterated  by  fibrous 
tissue  as  to  be  no  menace  if  not  operated  upon. 

Here  is  seen  the  reason  why  the  labyrinth  should  be  tested  in  every  case 
requiring  a  radical  operation.  In  addition  to  the  above,  certain  conditions 
occasionally  found  at  operation  constitute  indications  for  opening  the  laby- 
rinth : 

1.  An  open  foramen  ovale,  through  which  pus  is  seen  to  come. 

2.  A  fistula  on  the  promontory  or  margins  of  the  foramen  ovale,  from 
which  pus  is  seen  to  come. 

These  cases  are  probably  cases  of  chronic  diffuse  labyrinthitis,  and  it 
would  be  unsafe  to  allow  the  labyrinth  to  remain  undrained  except  for  the 
fistulous  openings. 

In  cases  of  fistula  of  the  external  semicircular  canal,  the  labyrinth  should 
not  be  opened  unless  the  suppurative  process  has  been  proven  to  have  invaded 
the  entire  labyrinth. 

Contra-indications  to  the  Labyrinth  Operation. — All  cases  of  acute  labyrin- 
thitis not  exhibiting  symptoms  of  meningeal  invasion  and  not  following  im- 
mediately after  a  radical  operation. 

Surgical  Anatomy  of  the  Labyrinth. — THE  VESTIBULE.  — The  vestibule  is 
11  B 
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Fio  18.— A  HORIZONTAL  SECTION  OF  PETROUS  POR- 
TION OF  TEMPORAL  BONE,  THROUGH  UPPER 
PART  OF  OVAL  WINDOW.  Showing  the  relation 
of  the  vsetibule,  semicircular  canals,  cochlea  and 
internal  auditory  meatus.  A  vertical  section 
(  Fig.  19)  has  already  been  made  from  this  speci- 
men, a,  Foramen  ovale;  b,  vestibule;  c,  ex- 
t.-rnal  semicircular  canal;  d,  cochlea;  e,  in- 
ternal auditory  meatus;  f,  posterior  semicircular 
canal;  g,  facial  canal;  h,  carotid  canal;  x,  open- 
ing of  semicircular  canal  into  vestibule;  b, 
section  of  posterior  semicircular  canal.  (From 
a  preparation  by  E.  B.  Burchell.) 
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ml  cavity,  about  6  mm.  in  anteroposterior  diameter  and  about  4  mm    in 
its  Tr ical  and  horizontal  diameter.     It  is  situated  directly  internal  to  the 
cavity,  and  separated  from  it  by  the  foramen  ovale  and  stapes. 

The  foramen  ovale  opens  into  the 
center  of  the  outer  wall  of  the  vesti- 
bule. The  facial  nerve  runs  just 
above  the  foramen  ovale  and  is  in 
relation  to  the  outer  wall  of  the 
vestibule.  Anteriorly  the  vestibule 
communicates  with,  and  is  in  rela- 
tion to  the  cochlea ;  anteriorly  it  is 
also  in  relation  to  the  internal  audi- 
tory meatus.  Internally  it  is  sep- 
arated from  the  internal  auditory 
meatus  by  a  thin  wall  of  bone.  In- 
fer iorly  it  is  in  relation  to  the  jug- 
ular bulb. 

THE  COCHLEA. — This  is  a  bony 
tube  coiled  on  itself  around  a  cen- 
tral stem,  the  modiolus.  Its  cen- 
tral axis  is  horizontal  and  is  di- 
rected outward  and  forward.  Internally  its  base  is  in  relation  to  the  internal 
auditory  meatus;  externally  its  apex  is  in  relation  to  the  promontory  of  the 
middle  ear.  Antero-inferiorly  it  is  in  relation  to  the  carotid  artery,  inferiorly 
to  the  jugular  bulb  and  posteriorly  to  the 
vestibule. 

The  modiolus  or  bony  stem  contains 
minute  channels  for  the  cochlea  nerve, 
and  if  the  modiolus  is  injured  during 
operation,  these  afford  direct  communi- 
cation with  the  subarachnoid  spaces 
tli nm nil  which  infective  material  may 
pass,  setting  up  a  leptomeningitis. 

THE  SEM1CIRCULAE  CANALS. — These 
are  semicircular  bony  canals  1  mm.  in 
diameter.  They  are  3  in  number  and 
li<-  at  right  angles  to  each  other,  com- 
municating with  the  vestibule  by  5  open- 
ings. From  their  position  they  are 
named:  (1)  The  horizontal  or  exter- 
nal; (2)  the  anterior  (or  superior)  ver- 
tical; f'5)  the 'posterior  vertical. 

Each  canal  at  its  anterior  end  expands  into  an  ampulla  about  2  unu.  m 
diameter.     The  posterior  end  of  the  anterior  vertical  and  the  upper  end  of 


FIG.  19. — A  VERTICAL  SECTION  THROUGH 
LONG  Axis  OF  PETROUS  PORTION  OP 
TEMPORAL  BONE,  a,  Foramen  ovale; 
c,  external  semicircular  canal;  g,  facial 
canal;  h,  carotid  canal;  i,  foramen 
rotundum;  m,  antrum;  n,  mastoid  cells; 
p,  promontory.  (From  a  preparation  by 
E.  B.  Burchell.) 
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the  posterior  vertical   canals  unite  to  form  a  common   opening   int 
tibule. 

Of    these    the    hori/ontal    is    the    most     important    ^ir-iVaHy.       It    forms    a 
M-iii'l*'  to  the  antriini  and   facial  nerve,  its  ampulla  a  •ruid.  l.ii!,-.      h 

is  the  one  most    frequently  seen,  and    i-  im^f  commonly  attacked  |,y  i!  .    . 
inllammations   in   the  middle  ear  and   maMoid.      With   th«  .   itg  posi- 

tion is  very  neatly  hori/ontal. 

Surgical  Guides  to  the  Vestibule.     The    aim    of    all    oj  procedures 

upon  the  labyrinth  is  to  make  a  free  opening  into  the  vestibnle.     The  guides 
to  the  vestibnle  are: 

1.  The  anterior  ampullar  end  of  the  hori/ontal  semicircular  canal.     '1 
vestibule  lies  below  and  behind  it. 

2.  The  posterior  end  of  the  horizontal  canal. 

3.  The  foramen  ovale. 

4.  The   angle   of  intersection  of  the  plai  BM   -emicircular  canals. 

5.  In  the  Neumann 
operation,    the    line    of 
intersection     of     the 
planes  of  the  posterior 
vertical    and    the   hori- 
zontal canals. 

In  any  case  it  is  as- 
sumed that  the  laby- 
rinth operation  has 
been  preceded  by  an  ex- 
tremely thorough  rad- 
ical operation.  In  this 
operation  the  anterior 
lip  of  the  eustachian 
tube  must  be  obliterated 
as  thoroughly  as  possi- 
ble, the  facial  ridge  re- 
moved so  as  to  get  a 
good  exposure  of  t  h  e 
foramen  ovale,  and  the 
angle  between  the  dural  and  sinus  plates,  posteriorly,  thoroughly  exenterated. 

Hinsberg  Operation.  —  1.     The  stapes  is  extracted  with  forceps. 

2.  The  bridge  of  bone  between  the  round  and  oval  windows  is  removed 
with  a  small  gouge.     With  a  small  curet  this  opening  is  further  enlarged 
downward  and  forward. 

3.  A  small  probe,  bent  at  right  angles  a  short  distance  from  its  extremity, 
is  inserted  into  the  above  opening  and  the  position  of  the  roof  of  the  vestibule 
ascertained. 

4.  The  external  semicircular  canal  must  now  be  opened  at  its  anterior 


FIG.  20. — A  RADICAL  MASTOID  OPERATION  HAS  BEEN  PERFORMED 
IN  A  HIGHLY  DEVELOPED  PNEUMATIC  BONE.  The  n-htti\«- 
position  of  the  semicircular  canals  is  well  seen.  Below  th«  in 
is  seen  the  fascial  ridge.  (From  a  dissection  for  the  author  by 
Dr.  R.  T.  Atkins.) 
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half.  This  is  done  with  a  small  keen  chisel,  taking  away  the  bone  in  thin 
layers.  The  position  of  the  facial  nerve  immediately  beneath  the  canal  and 
above  the  oval  window  must  be  remembered.  Any  rough  or  clumsy  work 
at  this  step  of  the  operation  will  fracture  the  Fallopian  canal  and  endanger 
the  integrity  of  the  nerve.  After  the  ampulla  is  exposed,  its  relation  to  the 
roof  of  the  vestibule  is  noted  by  means  of  the  probe  and  the  roof  of  the  ves- 
tibule entered  by  means  of  a  small  gouge  or  curet,  caution  being  taken  again 
to  avoid  injury  to  the  facial  nerve.  The  opening  into  the  vestibule  may  be 


V 


FiO>  21. HINSBERG  OPERATION  COMPLETED.  In  the  central  part  of  the  figure  the  opening  into  the  vesti- 
bule is  seen.  Slightly  below  and  in  front  of  this  is  seen  the  opening  formed  by  the  removal  of  the 
partition  between  the  oval  and  round  windows.  (From  an  original  dissection.) 

enlarged  backward  as  far  as  is  necessary.  The  cochlea  is  now  further  opened 
by  the  removal  of  the  promontory  with  a  small  gouge. 

Neumann's  Operation. — In  this  operation  the  vestibule  is  approached  from 
behind  through  the  posterior  fossa.  The  sinus  is  uncovered  posteriorly  (see 
Sinus  Thrombosis)  below  the  knee,  and  the  dura  in  front  of  it  and  over  the 
tegmen  antri,  exposing  a  space  bounded  by  the  posterior  part  of  the  petrous 
pyramid  in  front  and  the  dural  plate  above  and  the  sinus  posteriorly. 

The  dura  is  now  cautiously  separated  from  the  posterior  surface  of  the 
pyramid,  care  being  taken  to  avoid  wounding  the  superior  petrosal  sinus  above 
and  the  jugular  bulb  below.  This  separation  continues  inward  until  almost  the 
margin  of  the  internal  auditory  meatus  is  reached.  The  dura  is  now  pro- 
tected and  held  away  from  the  posterior  surface  of  the  pyramid  by  the  bowl 
of  a  large  curet,  and  the  edge  of  the  pyramid  removed  in  thin  layers.  This 
is  done  cautiously  with  a  sharp  chisel  or  gouge,  and  the  exposed  surface 
constantly  scrutinized  for  a  dark  opening  (the  lumen  of  the  posterior  canal). 
This  is  noted  and  the  bone  further  removed,  which  will  expose  2  openings, 
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the  cross  sections  of  the  same  canal.  Still  further  removal  of  the  bone  will 
disclose  a  third  opening,  the  lumen  of  the  posterior  half  of  the  horizontal 
canal.  A  triangular  space  inclosed  between  imaginary  lines  joining  these 
3  openings  forms  the  guide  to  the  vestibule.  By  removing  the  bone  in  this 
area  an  opening  is  made  into  the  posterior  part  of  that  cavity.  The  bone  is 
now  removed  between  the  oval  and  round  windows,  and  the  promontory 
removed,  exposing  the  first  and  second  turns  «.f  tin-  cochlea. 


Fia.  22. — NEUMANN'S  OPERATION.  This  dissection  shows  the  completed  operation.  A  probe  has  been 
passed  through  the  united  oval  and  round  windows,  under  the  bridge  of  bone  containing  the  facial 
nerve;  its  end  lies  in  the  cavity  of  the  opened  vestibule.  Behind  is  seen  the  lateral  sinus  and  the 
dura  of  the  middle  and  posterior  cranial  fossce.  (From  a  dissection  by  the  author.) 

Structures  to  Be  Avoided  in  the  Labyrinth  Operation. — l.  THE  MODIOLUS. 
—Any  injury  to  the  modiolus,  caused  by  curettage  of  the  cochleal  cavity  or 
ill-advised  attempts  at  its  removal,  opens  up  a  direct  communication  with 
the  subaraclinoid  spaces  of  the  brain,  and  is  extremely  liable  to  set  up  a  puru- 
lent meningitis. 

2.  INTEENAL  AUDITOKY  MEATUS. — The    dura    around    the    meatus    is 
closely  adherent  to  the  bone  and  the  injudicious  use  of  a  chisel  in  this  region 
is  apt  to  open  into  the  subdural  space. 

3.  JUGULAE  BULB.    4.  CAEOTID  AETEEY. — The  location  of  these  vessels 
must  be  borne   in  mind. 

5.  FACIAL  NEEVE. — It  is  liable  to  be  injured  during  the  operation,  unless 
extreme  caution  be  used. 

Choice  of  Operations. — The  Neumann  operation  is  indicated  when  intra- 
cranial  complications  are  suspected.  A  deep  epidural  abscess  in  the  posterior 
surface  of  the  pyramid  may  be  exposed,  or  in  a  beginning  meningitis  the 
dura  in  the  posterior  fossa  may  be  incised.  In  this  operation  there  is  less 
danger  of  injuring  the  facial  nerve.  The  only  objection  to  it  is  the  necessary 
exposure  of  the  dura  with  its  risk  of  injury.  It  is  hard  to  perform  in  cases 
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where  the  dura  is  very  low  and  the  sinus  far  forward.  Operations  of  the 
Hinsberg  type  have  their  indication  in  the  cases  where  the  process  is  confined 
to  the  temporal  bone. 

After-treatment.— The  posterior  wound  should  he  left  open  and  separate 
packing  introduced  to  the  wound  in  the  labyrinth.  The  patient  should  be 
kept  in  bed  for  at  least  three  weeks  following  the  operation. 

SURGICAL   TREATMENT   OF   THROMBOSIS   OF   THE   SIGMOID    AND 

LATERAL  SINUS 

The  aim  of  surgical  measures  upon  the  sigmoid  and  lateral  sinus  is  the 
removal  of  the  infected  clot  and  the  sequestration  of  the  sinus  from  the 
general  circulation. 

Surgical  Anatomy SUEFACE  MAEKINGS. — The  course  of  the  lateral 

sinus  may  be  indicated  by  a  line  drawn  from  the  external  occipital  pro- 
tuberance to  the  center  of  the  external  auditory  canal.  That  part  of  the  sinus 
below  the  bend  or  knee  which  occurs  in  the  posterior  part  of  the  mastoid  bone, 
and  which  extends  from  the  knee  to  the  jugular  bulb,  is  called  the  sigmoid 
sinus.  This  portion  of  the  sinus  has  no  definite  surface  landmark,  as  it  may 
occupy  a  variable  position  on  the  inner  surface  of  the  mastoid  bone.  Beneath 
the  middle  ear  the  sigmoid  sinus  makes  a  sharp  turn  upward,  and  expands  to 
form  the  jugular  bulb.  The  knee  of  the  sinus  is  joined  by  a  smaller  vein, 
the  superior  petrosal  sinus.  The  mastoid  emissary  vein  joins  the  sigmoid 
sinus,  carrying  the  blood  from  the  scalp  over  the  mastoid  process.  The  in- 
ferior petrosal  sinus  joins  the  jugular  bulb  beneath  the  cavity  of  the  middle  ear. 

The  sigmoid  and  lateral  sinus  is  simply  a  large  vein  which  runs  on  the 
inner  surface  of  the  mastoid  process,  and  is  covered  by  a  thin  process  of  dura 
mater.  It  is  separated  from  the  mastoid  cells  by  a  plate  of  bone  of  ivory-like 
whiteness  and  consistency,  the  so-called  sinus  plate. 

Indications  for  Operation. — Operation  is  indicated  in  every  case  of  sinus 
thrombosis  as  soon  as  the  diagnosis  has  been  made.  It  is  beyond  the  scope  of 
this  article  to  consider  at  length  the  diagnosis  of  sinus  thrombosis.  A  typical 
case,  giving  the  history  of  a  severe  chill  and  a  sudden  rise  in  temperature 
to  104°  or  105°  F.,  with  an  equally  sudden  fall,  when  accompanied  by  a 
positive  blood  culture  and  a  negative  physical  examination,  except  for  the 
ear  and  mastoid  process,  offers  no  special  difficulty  in  diagnosis.  It  is  in 
the  cases  of  acute  and  chronic  mastoiditis  which  accompany  the  exanthemata 
or  other  severe  infections,  that  a  positive  diagnosis  is  often  difficult.  In  a 
case  of  acute  mastoiditis,  either  before  or  after  operation,  the  diagnosis  of 
this  condition  must  be  made  on  the  history  and  the  above  signs  (chill,  high 
temperature  with  so-called  "church  steeple"  rise  and  fall),  either  with  or 
without  a  positive  blood  culture,  rather  than  on  the  appearance  of  a  local 
condition  in  the  mastoid  wound.  It  is  in  the  exclusion  in  other  parts  of  the 
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body  of  the  causes  of  chills,  hi»h  t< •mperuture  and  positive  blood  culture, 
that  most  of  the  mistakes  in  the  diagnosis  of  sinu>  thrombosis  are  made.  Tin- 
conditions  most  frequently  occurring  before  or  after  mas  to  id  operation,  which 
may  be  mistaken  for  sinus  thrombosis,  are: 

1.  Erysipelas. 

2.  Pneumonia. 

3.  Cellulitis  of  the  wound. 

4.  Septic  infection  of  the  kidney. 

5.  Malaria. 

In  this  connection,  it  must  be  remembered  that  positive  blood  cultures 

occur    often    in    scarlet    fever.       A    positive     1.1 1    mlture,    other    causes 

being  excluded  in  a  case  of  acute  mastoiditis  before  or  after  operation,  is 
strong  presumptive  evidence  of  a  sinus  tlmunhnsi.-.  However,  we  must  not 
rely  on  this  entirely,  but  place  our  chief  reliance  upon  the  clinical  signs.  On 
the  other  hand,  a  negative  blood  culture  does  not  exclude  a  sinus  thrombosis. 

The  operation  for  sinus  thrombosis  consists  in  a  removal  of  the  infected 
clot  and  an  obliteration  of  the  lumen  of  the  sinus.  This  may  or  may  not 
be  accompanied  by  a  ligation  or  a  resection  of  the  jugular  vein. 

General  Indications  for  Ligation  and  Resection  of  the  Jugular  Vein. — At  tin- 
present  time  the  question  of  ligation  and  resection  of  the  jugular  vein  at  the 
time  of  operation  is  an  open  one.  Otologists  in  this  country  may  be  <li 
into  2  groups:  the  radical,  who  believe  that  in  every  case  of  sinus  thrombosis 
the  jugular  vein  should  be  resected  before  the  sinus  is  opened;  and  the  con- 
servative, who  believe  that  the  sinus  should  first  be  inspected  and  the  question 
of  resection  decided  upon  by  consideration  of  the  appearance  of  the  sinus 
itself  or  by  consideration  of  the  history  of  septic  absorption  previous  to  or 
following  operation.  The  conservative  otologists  believe  that  the  vein  should 
be  resected  at  the  time  of  operation  only  when  the  sinus  shows  signs  of' 
integration,  or  when  the  patient  shows  signs  of  marked  septic  absorption  of 
some  duration.  In  the  ordinary  case,  when  the  clot  removed  from  the  vein 
is  firm  and  has  not  broken  down  and  become  purulent,  it  is  removed:  ami  it 
is  customary  to  wait  24  hours  before  considering  ligation. 

My  procedure  is  as  follows: 

1.  Expose  sinus. 

2.  Open  sinus. 

If  the  clot  is  found  and  it  is  firm,  it  is  removed.  If  free  bleeding  oceurs  from 
the  jugular  end  in  children,  the  vein  is  not  ligated.  In  adults,  if  the  patient  is  in 
good  condition,  the  vein  is  resected.  If  upon  opening  the  sinus  tin-  dot  is  found  to  be 
disintegrated,  the  sinus  is  packed  temporarily  and  the  vein  limited  and  resected,  th^ 
clot  being  removed  after  ligation  or  resection  of  the  vein.  If  th<-  dot  is  firm  and 
free  bleeding  does  not  occur  from  the  jugular  end,  I  hdir\e  that  it  is  >alV  to  wait 
24  hours  before  ligating  the  vein,  if  there  has  been  no  history  of  septic  absorption. 
This  rule  is  especially  applicable  in  children,  where  the  shock  of  ligating  and  resecting 
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the  vein  is  much  greater  than  in  adults,  and  adds  materially  to  the  danger  of  the 

pon  opening  the  sinus  no  clot  is  found  and  a  blood  culture  is  negative,  the 
sinus  is  packed  for  24  hours.  If  no  clot  is  found  and  the  blood  culture  is  positive, 
the  vein  is  usually  ligated.  In  general,  the  positive  blood  culture  m  a  case  of  sinus 
thrombosis  is  an  indication  for  the  ligation  of  the  jugular  vein. 

Operations  upon  the  Jugular  Bulb. — In  certain  cases  of  sinus  thrombosis 
in  which  the  clot  has  been  removed  and  the  vein  ligated,  and  in  which  the 
symptoms  of  septic  absorption  continue,  certain  otologists  advise  the  so-called 
"gutter"  operation.  This  has  been  especially  advocated  by  Grunert. 

From  personal  observation,  however,  I  believe  that  this  operation,  which  consists 
in  the  exposure  of  the  jugular  bulb  behind  the  facial  nerve  down  to  the  jugular 
foramen,  is  unnecessarily  severe  and  fails  of  its  purpose. 

In  those  cases  which  I  have  observed,  it  has  only  hastened  the  fatal  out- 
come. If,  in  these  cases,  the  patient  is  unable  to  take  care  of  the  amount  of 
infected  material  between  the  open  sinus  above  and  the  open  jugular  vein 
below,  I  believe  that  the  shock  of  this  operation,  which  is  very  severe,  only 
further  lessens  the  feeble  resistance  of  the  patient. 

OPERATIVE    TECHNIC 

Cases  of  sinus  thrombosis  operated  on  by  the  aural  surgeon  are  all  sec- 
ondary to  operations  for  acute  or  chronic  mastoiditis. 

The  sinus  is  never  attacked  without  a  preliminary  exenteration  of  the  mastoid 
process.  Accordingly,  in  the  following  description  of  the  operative  technic,  it 
will  be  assumed  that  either  the  simple  mastoid  or  the  radical  mastoid  operation 
has  been  performed.  If  the  sinus  operation  is  to  be  performed  at  the  time  of  the 
original  mastoid  operation,  this  preliminary  operation  should  be  performed  as  rapidly 
as  is  consistent  with  a  fairly  thorough  exenteration  of  the  process.  In  previous 
descriptions  of  this  operation,  sufficient  emphasis  has  not  been  laid  upon  the  im- 
portance of  a  thorough,  but  rapid  operation.  In  the  cases  in  which  mastoid  operation 
has  been  performed  some  time  previously,  the  need  for  rapidity  in  the  operation  is 
not  so  marked,  unless  the  patient  is  in  a  desperate  condition.  The  point  which  I  wish 
to  emphasize,  however,  is  that  in  the  performance  of  the  preliminary  mastoid 
operation,  a  rapid  operation  is  important  for  the  welfare  of  the  patient. 

The  usual  mastoid  operation  having  been  performed,  the  sinus  may  be 
exposed  in  the  following  steps: 

1.  Prolongation  of  the  posterior  incision. 

2.  Preliminary  delineation  of  the  sinus  plate. 

3.  Preliminary  removal  of  the  bone  over  the  posterior  part  of  the  sinus 
plate. 

4.  Removal  of  the  thin  sinus  plate. 

5.  Placement  of  iodoform  plugs. 


THROMBOSIS  OF  THE  SIG.Moll)  AM)  LATKKAL  SINUS    153 


6.  Opening  of  sinus  and  removal  of  clot. 

7.  Packing  of  sinus  and  the  application  of  the  dressing. 

1.  Prolongation  of  the  Posterior  Incision. — The  posterior    incision   is  now 
prolonged  directly  backward  toward  the  external  occipital  protuberance.    The 
length  of  this  prolongation  is  usually  from  1  in,  to  1%  in.     This  incision  is 
extended  through  the  periosteum  directly  to  the  bone.     The  periosteum  is 
elevated  over  this  area  and  the  hemorrhage  checked. 

2.  Preliminary  Delineation  of  the  Sinus  Plate. — The  contour  of  the  sinus 
plate  within  the  limits  of  the  mastoid  process  is  now  rapidly  outlined  by  the 
removal  of  the  cells  or  cancellous  tissue  around  its  boundary.     This  is  con- 
veniently done  with  a  medium-sized  Volkmann  curet.     (Vila  resting  directly 
upon  the  sinus  plate  itself  may  be  rapidly  removed   by  a  Richards  curet. 
At  the  same  time  some  of  the  bone  of  the  sinus 

plate  itself  may  be  conveniently  removed.  In 
working  around  and  directly  over  the  sinus 
care  should  be  taken  that  the  curet  does  not 
plunge  through  the  sinus  plate  and  injure  the 
sinus  itself;  for  the  resulting  hemorrhage  adds 
greatly  to  the  difficulties  of  the  operation.  An- 
teriorly the  sinus  plate  should  be  exposed  al- 
most down  to  the  jugular  bulb. 

3.  Removal  of  Bone  Over  Posterior  Part  of 
Sinus  Plate. — At  the  upper  and  posterior  boun- 
daries of  the  mastoid  process  the  bone  will  be 
found  to  be  of  a  denser  consistency  and  less 
cellular  in  structure.     This  bone  must  be  re- 
moved from  over  the  course  of  the  sinus  plate 
before  the  plate  can  be  conveniently  attacked. 
This  bone  is  removed  along  the  line  of  the  sinus 
(extending  backward  toward  the  external  occip- 
ital protuberance)    either  with  a  broad  chisel 
or  with  the  Richards  curet,   according  to  its 
hardness    or    density.       This    excavated    area 
should  be  gutter-shaped  with  its  boundaries  ex- 
tending somewhat  beyond  the  boundaries  of  the 

sinus.     This  procedure  thins  the  bone  over  the  sinus  so  that  it  may  be  con- 
veniently removed  with  the  rongeur  forceps. 

4.  Removal  of  the  Sinus  Plate. — The  best  instrument  for  the  removal  of 
the  bone  of  the  sinus  plate  is  a  rongeur.     This  ronireur  must  have  certain 
characteristics.     It  must  be  powerful  and  sharp  to  enable  the  bone  to  be  bitten 
away  cleanly  without  injury  to  the  sinus  itself.     Its  blade  must  have  a  certain 
convexity  so  that  when  it  is  introduced  beneath  the  sinus  plate  the  convexity 
of  the  blade  will  push  away  the  sinus  from  the  bone.    The  blade  should  be  bent 
almost  at  right  angles  a  short  distance  from  its  extremity  to  enable  the  rongeur 


FIQ.   23. — BAYNE'S    RONOECR    FOR- 
CEPS. 


154      THE  EAK  AND  ADJACENT  STRUCTURES 

to  be  easily  and  conveniently  applied  to  the  sinus  plate.  I  believe  these  qual- 
ities to  be  embodied  in  a  rongeur  of  the  Bayne  pattern.  A  powerful  forceps 
that  may  also  be  used  is  the  Brandegee  rongeur.  This  last  instrument  is  a 
straight  rongeur  and  at  times  is  awkward  to  use. 

Before  the  forceps  can  be  used  a  small  portion  of  the  sinus  must  be  exposed 
in  the  following  manner:  If  at  the  time  of  operation  a  sufficient  area  of  the 
sinus  has  been  found  to  have  been  exposed  by  the  pathological  process,  advan- 
tage is  taken  of  this  and  the  remainder  of  the  plate  removed  with  the  rongeur. 
If  the  sinus  is  found  intact,  the  following  procedure  is  adopted :  A  small  area 
of  sinus  plate,  about  %  in.  in  diameter,  is  cautiously  curetted  away  with  the 
Richards  curet  until  the  sinus  is  exposed.  This  is  preferably  done  just  below 
the  knee.  A  small  curet  is  then  gently  inserted  beneath  the  bone  and  the  thin 
plate  pried  away  until  the  area  is  enlarged  sufficiently  to  admit  the  blade  of  the 
rongeur  forceps.  A  small  probe  or  grooved  director  is  now  inserted  underneath 
the  plate  in  order  to  be  sure  that  the  sinus  is  not  adherent  to  the  bone  that  is  to 
be  removed.  The  rongeur  forceps  (Bayne)  are  now  inserted  into  the  opening, 
one  blade  being  between  the  sinus  and  bone,  the  other  blade  being  over  the  sinus 
plate.  They  are  now  withdrawn  slightly  in  order  to  be  sure  that  no  sinus  is  in- 
cluded between  their  grasp  and  cut  squarely  through  the  bone.  This  process  is 
repeated  until  the  sinus  plate  has  been  removed  from  near  the  jugular  bulb 
below  to  the  desired  point  posteriorly.  It  is  extremely  important  before  using 
the  forceps  to  be  absolutely  sure  that  the  bone  and  the  sinus  plate  are  not 
adherent,  and  this  can  only  be  ascertained  by  the  careful  use  of  a  probe  or 
director.  If  the  bone  is  found  to  be  adherent,  it  must  be  carefully  separated 
from  the  sinus  before  it  is  removed.  In  cutting  the  bone  care  must  be  taken 
to  lift  the  point  of  the  instrument  slightly  away  from  the  sinus  in  order  that 
it  will  not  dig  into  and  injure  that  structure.  In  this  manner  the  sinus  plate 


Fia.  24. — BRANDEGEE'S  RONGEUR  FORCEPS. 

is  carefully  removed  from  the  top  and  sides  of  the  sinus  over  the  area  desired 
by  the  operator.  Enough  of  the  sinus  plate  should  be  removed  so  that  when 
the  iodoform  plugs  are  in  position  a  space  of  1  in.  to  iy2  in.  will  be  left  between 
them* 

5.  Placement  of  Iodoform  Plugs.— At  this  point  in  the  operation  it  would 
be  well  for  the  operator  to  inspect  the  uncovered  sinus,  for  although  the  con- 
dition of  the  interior  of  the  sinus  cannot  be  judged  by  the  appearance  of  its 
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exterior,  nevertheless  at  times  some  information  may  be  obtained.  In  the 
neglected  cases  the  -inns  mav  seem  to  be  collapsed  and  pus  may  be  seen  to 
issue  from  a  perforation  in  its  wall.  In  the  majority  of  cases  the  sinus  wall 
will  he  found  to  be  dull  and  lusterless,  or  else  covered  with  granulations.  This 
appearance  is  in  contrast  to  the  healthy  sinus  ex  j><  »-<•<!  at  the  posterior  part 
of  the  operative  cavity.  The  determination  of  a  <•!<•!  within  the  sinus  by 
palpation  of  the  unopened  sinus  is  extremely  nnr<-rtain.  Aspiration  with  a 
hollow  needle  is  useless.  The  only  way  of  determining  definitely  the  presence 
of  a  clot  within  the  sinus  is  by  opening  its  lumen  with  a  knife  or  scissors 
and  inspecting  its  interior. 

Hemorrhage  from  the  sinus  is  best  controlled  by  plugs  of  iodoform  gauze. 
These  plugs  are  made  by  rolling  or  folding  iodoform  irau/.e  into  approximately 
the  shape  of  a  lead  pencil  and  cutting  them  in  lengths  of  al>out  %  in.  Tin- 
operating  nurse  should  always  have  a  supply  of  these  on  hand.  Two  of  these 
pings  are  taken  and  held  with  forceps  by  the  first  assistant  against  each  ex- 
tremity of  the  exposed  sinus,  and  are  so  placed  that  gentle  pressure  in  that 
locality  will  effectually 
cheek  the  flow  from  that 
end  of  the  sinus.  The 
proper  manipulation  of 
these  plugs  is  a  very  es- 
sential step  at  this  stage 
of  the  operation.  With 
the  assistant  alert  to 
make  pressure  on  either 
end  of  the  sinus  at  the 
word  of  the  operator,  the 
sinus  is  now  quickly 
opened  with  a  knife  the 
entire  length  of  its  ex- 
posure. From  the  man- 
ner of  the  hemorrhage 
certain  deductions  may 
be  made. 

6.  Opening  of  t  h  e 
Sinus.— 1.  SINUS  OPENED, 
NO  HEMORRHAGE. —This 

indicates  the  presence  of  a  firm  clot  in  the  interior  of  the  sinus.  This  may  be 
further  verified  by  holding  apart  the  edges  of  the  incision  with  the  forceps  and 
inspecting  its  interior. 

2.  SINUS  OPENED,  FREE  HEMORRHAGE. — Usually  when  the  sinus  is 
opened  there  is  a  free  hemorrhage,  and  it  is  necessary  for  the  operator  to 
determine,  if  possible,  its  source.  Accordingly  after  a  moment's  waiting  pres- 
sure should  be  made  on  the  jugular  end.  If  the  hemorrhage  stops,  this  shows 


FIQ.  25. — EXPOSURE  OF  THE  LATERAL  SINUS.  The  lateral  sinus 
is  shown  uncovered  and  the  iodoform  plugs  held  in  place  pre- 
liminary to  its  incision.  (In  this  drawing  the  plugs  are  longer 
than  those  used  in  actual  practice.) 
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that  the  torcular  end  is  obstructed  by  a  clot.  If  the  bleeding  continues  slightly, 
it  comes  in  all  probability  from  either  the  mastoid  emissary  vein  (the  superior 
petrosal  sinus)  or  else  a  partially  obstructed  torcular  end.  Pressure  should 
now  be  made  with  the  plug  at  the  torcular  end  of  the  sinus  and  the  plug  lifted 
from  the  jugular  end.  If  .there  is  no  hemorrhage,  this  indicates  that  there  is 
an  obstructing  clot  in  the  jugular  end  of  the  sinus.  A  small  amount  of  hemor- 
rhage from  this  end  probably  indicates  a  partial  clot  in  this  locality.  Free 
bleeding  from  the  jugular  end  does  not  rule  out  a  clot  in  this  locality,  for  the 
hemorrhage  may  come  from  the  inferior  petrosal  sinus.  If  a  clot  is  found  in 
the  torcular  end  and  if  it  cannot  be  dislodged  by  the  gentle  use  of  a  dull  curet, 
the  sinus  should  be  further  exposed  and  opened  until  the  end  of  the  clot  is 
reached  and  free  bleeding  ensues.  If  a  firm  clot  is  found  at  the  jugular 
end,  it  is  safer  to  stop  immediate  operation  upon  the  sinus  and  ligate  or  excise 
the  jugular  vein,  returning  later  to  the  sinus.  If,  however,  a  firm  clot  is 
expelled  from  the  jugular  end  and  free  bleeding  ensues,  and  the  patient  has 
given  no  history  of  septic  absorption,  I  believe  that  it  is  sometimes  safe  to  wait 
24  hours  before  ligating  or  excising  the  jugular  vein.  The  clot,  in  all  cases,  is 
most  conveniently  removed  from  the  lumen  of  the  sinus  with  a  dull  curet.  If 
the  clot  has  been  removed,  fresh  iodoform  plugs  should  be  adjusted  to  each  end 
of  the  sinus. 

7.  Packing  of  the  Sinus  and  Application  of  the  Dressing. — The  edges  of 
the  open  sinus  should  be  trimmed  away  with  a  pair  of  curved  scissors,  and 
the  remainder  of  its  lumen  packed  with  iodoform  gauze.  The  mastoid  wound 
is  then  firmly  packed  in-  the  usual  manner.  In  making  pressure  on  the  sinus 
at  the  time  of  operation  and  after  operation  has  been  completed,  the  operator 
should  remember  that  he  is  packing  directly  against  the  brain  and  should  use 
no  more  pressure  than  is  actually  necessary  for  the  stopping  of  the  hemor- 
rhage. The  plugs  and  packing  in  the  sinus  should  be  left  in  situ  for  5  days. 
They  should  then  be  cautiously  removed,  and  if  bleeding  recurs  from  the 
sinus,  they  should  be  replaced  and  left  for  another  3  or  4  days.  The  re- 
mainder of  the  mastoid  wound,  with  the  exception  of  the  sinus  packing,  should 
be  treated  as  in  an  ordinary  mastoid  operation.  In  opening  the  sinus  it  is 
best  to  keep  the  patient  in  bed  for  at  least  14  days  after  operation. 

LIGATION   AND  RESECTION  OF   THE  INTERNAL   JUGULAR   VEIN 

The  question  of  resection  of  the  jugular  vein  has  been  alluded  to.  Under 
this  heading  I  wish  to  give  in  more  detail  the  indications  and  the  technic 
of  the  operation. 

Indications. — 1.  In  every  case  of  sinus  thrombosis  in  which  there  has 
been  a  history  of  marked  septic  absorption  or  metastatic  abscess. 

2.  In  cases  of  sinus  thrombosis  in  which  the  sinus  has  been  opened  and  in 
which  the  symptoms  of  septic  absorption  continue. 

3.  In  cases  of  sinus  thrombosis  in  which  the  sinus  has  been  opened  and 
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in  which  a  disintegrated  clot  is  found  at  time  of  operation,  although  no  symp- 
toms of  sepsis  have  appeared. 

Centra-indications.  —  1.  In  cases  of  sinus  thrmul..^!.-  in  which  tho  sinus 
has  heen  opened  and  in  which  further  operative  interference  would  probably 
be  fatal  to  the  patient.  In  these  cases  it  would  probably  be  better  to  wait 
24  hours  before  resection  of  the  vein. 

2.  In  small  children  and  infants  in  whom  n-rrtion  of  tin-  win  would 
bo  a  grave  surgical  procedure. 

The  question  of  resection  of  the  jugular  vein  depends  not  only  upon  the 
patient's  condition,  but  upon 
the  technic  and  the  experience 
of  the  operator.  If  he  be  one 
of  sufficient  experience,  he  can 
quickly  resect  the  vein  without 
the  shock  and  trauma  that 
would  be  caused  by  a  less  ex- 
perienced operator.  This  must 
always  be  taken  into  consider- 
ation. There  is  no  doubt  but 
that  the  system  can  take  care 
of  large  quantities  of  infecting 
micro-organisms  introduced  into 
the  blood,  and  it  is  now  gener- 
ally conceded  that  a  moderate 
delay  in  the  resection  of  the 
vein  is  not  fraught  with  the 
danger  formerly  supposed.  By  this  I  do  not  wish  to  be  understood  as  advo- 
cating delay  in  every  case,  but  at  times  I  believe  that  it  is  finer  judgment  t«» 
wait  than  to  balance  the  resisting  powers  of  the  patient  against  the  shock  of 
an  immediate  operation. 

Operative  Technic  for  Ligation  and  Resection  of  the  Internal  Jugular  Vein. 
—For  the  instruments  necessary,  see  page  105. 

If  the  operation  is  performed  subsequent  to  the  mastoid  operation,  the 
instruments  should  be  resterilized ;  and  the  towels  around  the  patient,  and  the 
gowns  and  gloves  of  the  operator  and  his  assistants  should  be  changed.  It 
is  assumed  that  the  side  of  the  neck  of  the  patient  has  been  previously  pre- 
pared in  the  manner  described.  A  sandbag  should  now  be  placed  under  the 
patient's  shoulders  and  the  head  of  the  patient  turned  toward  the  opposite 
shoulder. 

The  incision  should  now  be  made  along  the  line  of  the  sternomastoid 
muscle  (from  A  to  B,  Fig.  26),  from  the  clavicle  below  to  within  1  •_>  in.  of 
the  mastoid  incision  above.  This  incision  should  be  carried  through  skin, 
subcutaneous  tissue  and  the  platysma  myoides  muscle.  In  making  this  the 
external  jugular  vein  is  encountered  and  should  be  divided  between  clamps 


FIG.  26. — LIGATION  AND  EXCISION  OF  IXTKKXAL  JUGULAR 
VEIN  (1).     Line  of  incision. 
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or  ligatures     A  search  should  now  be  made  for  the  anterior  border  of  the 
sternomastoid  muscle.     This  is  recognized  by  the  fact  that  its  fibers  run  up 

and  down.  It  is  covered 
by  a  layer  of  the  deep 
cervical  fascia.  The  an- 
terior surface  of  this 
should  be  slightly  sep- 
arated, and  the  common 
sheath  of  the  carotid  ar- 
tery, jugular  vein  and 
pneumogastric  vein  will 
be  found  to  be  exposed. 
This  is  also  covered  by  a 
process  of  deep  cervical 
fascia. 

The  jugular  vein  lies 
to  the  outer  side  of  the 
carotid  artery,  and  will 
be  recognized  as  a  bluish 
mass  alternately  empty- 
ing and  filling  with  the 
movements  of  the  respi- 
ration. The  sheath  must 
now  be  opened.  This  is 
best  done  in  the  neigh- 
borhood of  the  omohyoid 
muscle.  The  first  assist- 
ant should  hold  up  the 
sheath  with  a  pair  of  for- 
ceps, while  the  operator 
holds  the  other  side,  tak- 
ing care  to  lift  the  sheath 
away  from  the  vein.  A 
small  opening  is  now 
made  into  the  sheath 
with  the  scissors,  taking 
care  not  to  cut  the  vein. 
The  structure  of  the  vein 

will  be  found  to  be  exposed  immediately  beneath  this  opening.  With  the 
scissors  pushed  through  this  opening,  the  vein  is  now  separated  from  the 
sheath  from  below  upward,  and  the  sheath  opened.  This  process  should  be 
repeated  until  the  sheath  of  the  vein  has  been  opened  from  the  omohyoid 
below  to  above  the  entrance  of  the  facial  vein.  The  vein  is  now  separated 
by  blunt  dissection  from  the  posterior  part  of  the  sheath,  care  being  taken 


FlO.  27. — LlGATION   AND    EXCISION    OF    INTERNAL  JUGULAR    VEIN 

(2).  The  operation  is  almost  completed.  The  vein  is  seen 
ligated  and  cut  below.  The  stump  of  the  vein  is  seen  in  the 
lower  part  of  the  incision.  At  the  upper  and  left  hand  part  of 
the  incision  is  seen  the  ligated  stump  of  the  facial  vein.  In- 
ternal to  the  vein  is  the  carotid  artery,  starting  to  bifurcate, 
and  the  pneumogastric  nerve.  The  omohyoid  muscle  is  seen 
crossing  these  structures  posteriorly,  the  sternomastoid  mus- 
cle is  held  back  by  a  retractor.  (From  a  dissection  for  the 
author  by  Dr.  R.  T.  Atkins.) 
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not  to  injure  the  pneumogasti  ic  nerve  which  may  he  seen  running  posteriorly 
between  the  artery  and  the  vein.  '1  'he  hn-e  hranches  cut. Tin-  th«-  vein 
should  he  tied  between  t\v«»  ligatures  and  divided.  The>«-  an-  usually  the 
middle  and  superior  thyroid  veins,  tin-  lingual  and  facial  veins,  and  occa- 
sionally a  branch  from  the  external  ju-ular.  It'  any  lame  lymphatic  glands 
are  i'on  nd  overly  in-  tiie  vein,  they  n,ay  he  P-moved.  provided  it  may  ^accom- 
plished without  much  effort.  However,  I  believe  it  to  he  unwise  and  unneces- 
sary to  attempt  an  elaborate  dissection  nf  the  glands  at  tliis  time.  Al'ter  the 
vein  has  been  separated  throughout  the  entire  length  which  is  to  be  removed, 
it  may  be  doubly  ligated  below  and  the  vein  cut  l»et\  itures.  The 

remaining  main  hranches  are  now  ipiiekly  doubly  li-ated  and  divided.  The 
main  trunk  of  the  vein  is  now  pulled  down  from  its  insertion  in  the  upper 
part,  of  the  wound  and  ligated  as  high  as  possible.  It  U  then  cut  below  the? 
ligature.  If  blood  is  wished  for  a  culture,  the  main  trunk  of  the  vein  is 
allowed  to  fill  with  blood  and  is  doubly  ligated  at  the  upper  part  before  being 
divided.  Further  bleeding  points  are  clamped  and  ligated,  and  the  cavity 
flushed  with  normal  saline.  The  wound  is  then  partially  sutured  and  cigarette 
drains  inserted,  first,  to  the  stump  of  the  vein  above;  and  second,  to  the  lower 
angle  of  the  wound  below.  The  ligatures  on  the  main  trunk  above  should  be 
of  No.  2  plain  catgut.  The  resulting  scar  will  be  less  if  the  platysma  and 
deep  fascia  are  sutured  in  a  separate  layer.  This  should  be  done  with  inter- 
rupted sutures  of  No.  1  plain  catgut.  The  skin  is  best  sutured  with  inter- 
rupted sutures  of  silk  or  silkworm-gut. 

The  jugular  dressing  is  now  applied  in  the  form  of  a  double*  figure  8, 
passing  below  and  under  both  axilla.  Care  should  be  taken,  especially  in 
children,  to  see  that  chafing  is  avoided  by  placing  plenty  of  cotton  in  these 
localities.  If  there  is  considerable  oozing,  the  outer  dressing  may  be  changed 
on  the  first  day  after  operation.  Ordinarily,  the  first  dressing  is  done  on  the 
third  or  fourth  day  after  operation  and  afterward  every  day  if  deemed  neces- 
sary. Rarely,  if  ever,  can  we  get  the  jugular  wound  to  heal  by  primary  union. 
The  reasons  for  this  are  as  follows :  first,  infection  from  the  mastoid  wound 
and  from  the  upper  end  of  the  jugular  vein;  second,  lowered  resistance  of  the 
tissues  due  to  excessive  blunt  dissection  in  removal  of  the  vein. 


OPERATIONS  FOR  BRAIN  ABSCESS  OF  OTITIC  ORIGIN 

Brain  abscesses  occurring  as  a  complication  of  aural  inflammation  are 
mainly  of  two  types,  cerebral  and  cerebellar.  The  cerebral  abscesses  are 
the  most  numerous  and  occur  in  about  80  per  cent,  of  the  cases. 

CEREBRAL    ABSCESS 

Surgical  Anatomy — A  vast  majority  of  the  cerebral  abscesses  occur  in  that 
part  of  the  temporosphenoidal  lobe  which  lies  just  above  the  middle  ear  and  antrum, 
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and  separated  from  them  by  an  extremely  thin  plate  of  bone,  the  tegmen  tyrnpani 
et  antri.  Occasionally  an  abscess  of  otitic  origin  occurs  in  the  frontal  lobe.  The 
descending  horn  of  the  lateral  ventricle  lies  in  the  posterior  part  of  the  temporo- 
sphenoidal  lobe,  but  is  usually  not  injured  in  the  attempts  to  locate  an  abscess  in 
this  locality. 

Indications  for  Operations. — As  the  only  acknowledged  treatment  of  brain 
abscess  is  surgical,  the  indications  for  operation  are  obvious.  It  should  be 
the-  aim  of  the  surgeon  to  discover  and  evacuate  the  abscess  with  as  little 
disturbance  and  manipulation  to  the  surrounding  healthy  brain  tissue  as  is 
possible.  If  the  abscess  has  been  discovered  and  evacuated,  and  if  a  sup- 
purative  leptomeningitis  does  not  already  exist  at  the  time  of  operation,  the 
ultimate  recovery  of  the  patient  depends  largely  upon  how  scrupulously  the 
surgeon  has  followed  this  operative  axiom. 

If  the  operation  is  secondary  to  a  simple  or  radical  mastoid,  this  cavity 
should  be  gently  curetted  of  granulations,  flushed  with  saline  and  temporarily 
packed  with  iodoform  gauze.  If  the  operation  for  brain  abscess  is  performed 
at  the  time  of  the  operation  for  the  causal  ear  condition,  the  preliminary 
operation  should  be  performed  as  rapidly  as  possible,  a  simple  mastoid  for 
brain  abscess  following  an  acute  mastoiditis,  and  a  radical  operation  for  a 
brain  abscess  following  a  chronic  or  an  acute  exacerbation  of  a  chronic  inflam- 
mation of  the  middle  ear  and  mastoid  cells. 

Preparation  of  the  Patient. — The  usual  preparation  for  the  mastoid  opera- 
tion should  be  extended  so  as  to  include  one-half  the  skull  of  the  side  to  be 
operated  upon  (see  page  103).  If,  for  obvious  reasons,  the  preparation  occurs 
immediately  after  the  mastoid  operation,  this  area  is  closely  covered  by  a  piece 
of  sterile  gauze,  the  half  of  the  scalp  dry  shaved  and  tincture  of  iodin  applied. 
The  operative  field  is  inclosed  in  sterile  towels  and  fresh  iodin  is  applied  to 
the  edges  of  the  mastoid  wound.  All  instruments  should  be  resterilized,  and 
the  operator  and  his  assistants  should  don  fresh  gloves  and  gowns. 

TECHNIC  OF  OPERATION 

The  operation  can  be  conveniently  described  in  the  following  steps: 

1.  Incision  and  reflection  of  flaps. 

2.  Removal  of  tegmen  tympani  and  tegmen  antri,  with  a  portion  of  the 
squama. 

3.  Exploration  of  the  dura  covering  tegmen  tympani   et  antri. 

4.  Exploration  of  temporosphenoidal  lobe. 

5.  Insertion  of  drains. 

6.  Dressing. 

1.  Incision. — From  the  upper  end  of  the  usual  mastoid  incision,  an  in- 
cision is  made  directly  upward  for  a  distance  of  1%  in.  (4  cm.).  The  mas- 
toid incision  is  also  prolonged  directly  forward  for  %  to  1%  in.  (2  to  4  cm.). 
These  incisions  are  carried  directly  to  the  bone  and  the  flaps  thus  formed 
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rapidly  reflected.      The  temporal   artery   is   severed   and  should  be  quickly 
clamped  and  tied.     Some  authors  prefer  a  large  horse  shoe  incision  starting 
from  the  upper  part  of  the  mastoid  incision;  but  the  above  incisions 
adequate  exposure  and  do  not  expose  as  large  an  area  to  subsequent  infection. 

2.  Removal  of  the  Bone. — With  a  large  ron-jem-  tin-  te»nien  antri  and  teg- 
men  tympani  are  now  removed,  together  with  a  portion  of  the  squama.     The 
urea  of  bone  removed  in  the  squama  .should  be  enough  to  explore  adequately  the 
temporosphenoiclal  lobe,  provided   u   fistula  is  not    found    in   the  dura  of  the 
tegmen.    It  should  be  oval  and  of  the  dimensions  2  by  21,-  in.  i  ~,  by  6.5  cm.). 
The    accompanying    dia- 
gram gives  a  clear  idea  of 

its  extent  and  location 
(Fig.  28).  If  the  squa- 
mous  portion  is  unusually 
thick,  the  chisel  may  be 
required  to  thin  the  bone 
sufficiently  to  enable  the 
rongeur  to  be  used. 

3.  Examination  of  the 
Dura. — The  dura  covering 
the   tegmines   tympani   et 
antri  should  now  be  care- 
fully scrutinized   and   ex- 
amined with  the  probe  for 
any     fistulous     openings 
leading  to  an  abscess  cav- 
ity within   the   temporo- 
sphenoidal  lobe.    If  one  is 
present,  it  is  of  vital  im- 
portance to  find  it.     The 
fistulous    opening   is   usu- 
ally small  and  its  orifice  often  obscured  by  the  surrounding  granulations.    Pus 
is  often  found  issuing  from  its  lumen.     During  this  examination,  care  should 
be  taken  not  to  injure  the  granulations  on  the  dura.     On  no  account  should 
they  be  curetted.     They  are  nature's  barriers  to  the  spread  of  the  infection, 
and  curettage  of  dural  granulations  serves  no  useful  purpose  and  may  convert 
a  localized  meningitis  into  a  general  one. 

If  a  fistulous  opening  be  found,  a  cotton-wound  applicator  may  be  gently 
passed  into  the  abscess  cavity  to  aid  drainage,  and  then  withdrawn.  Further 
operative  procedure  should  be  omitted,  the  wound  packed  with  iodofonn  gauze 
and  a  dressing  applied.  The  wound  should  be  dressed  daily  and  further 
operative  procedure  upon  the  fistula  leading  to  the  brain  abscess  should  de- 
pend upon  the  recurrence  of  the  symptoms  of  increased  intracranial  tension* 
The  majority  of  cases  will  drain  without  further  interference. 
12  B 


FIG.  28. — CEREBRAL  ABSCESS.     This  illustration  shows  the 

of  dural  exposure,  necessary  for  an  exploration  for  a  temporo- 
sphenoidal  abscess.  Some  surgeons,  however,  prefer  to  expose 
the  dura  more  posteriorly  than  the  above  figure  indicates. 
(From  a  dissection  for  the  author  by  Dr.  R.  T.  Atkins.) 
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This  treatment  is  advocated  by  Kerrison  and  Dean  and  meets  with  my 
hearty  approval.  If  a  wider  opening  is  subsequently  found  necessary,  a  blunt- 
pointed  bistoury  should  be  inserted  into  the  fistula  and  the  tissues  incised  in 
a  direction  directly  outward.  In  doing  this,  an  attempt  should  be  made  not 
to  pass  beyond  the  adhesive  inflammatory  zone  surrounding  the  fistula.  If  the 
insertion  of  a  drain  into  the  fistula  is  deemed  necessary,  a  strip  of  gauze  or 
n  small  cigarette  drain  may  be  used.  It  has  been  my  observation  that  when 
these  drains  are  removed  at  the  daily  dressing,  pus  wells  out  from  the  abscess 
cavity  with  considerable  volume,  and  it  has  seemed  that  instead  of  fulfilling 
their  purpose,  they  have  slightly  hindered  drainage.  I  believe  that  it  is 
better  to  omit  the  insertion  of  drains  into  these  fistula  and  insure  the  de- 
sired result  by  the  daily  gentle  passage  of  a  cotton-tipped  probe  into  the 
abscess  cavity.  If,  after  careful  search  of  the  dura  covering  the  tegmen,  no 
fistula  is  found,  I  follow  the  teaching  of  Macewen,  postponing  further  ex- 
ploration, and  pack  this  area  for  24  to  48  hours,  providing  the  general  symp- 
toms permit.  This  allows  adhesions  to  form  between  the  coverings  of  the 
hniin,  and  when  this  area  is  finally  explored,  there  is  less  danger  of  dis- 
seminating infectious  material  through  the  pial  and  arachnoid  spaces. 

At  this  time  I  believe  in  doing  a  classical  subtemporal  decompression 
operation  in  the  usual  sterile  field  above  and  in  front  of  the  one  just  packed. 
This  relieves  intracranial  tension  still  further  and  allows  the  surgeon  to  wait 
longer  for  localizing  symptoms  to  appear. 

If  the  general  symptoms  permit  of  no  delay,  the  temporosphenoidal  lobe 
is  exposed  through  the  dura  in  the  following  manner: 

4.  Exploration  of  the  Temporosphenoidal  Lobe. — The  most  suitable  in- 
strument for  this  purpose  is  a  straight,  pointed  bistoury  with  a  rounded  end. 
At  this  point  the  surface  of  the  dura  should  be  rendered  as  sterile  as  possible 
by  mopping  with  peroxid  and  flushing  with  a  warm  saline  solution. 

The  brain  knife  should  be  plunged  directly  inward  just  above  the  external 
auditory  canal.  After  it  has  been  passed  into  the  brain  substance  for  5  mm. 
*/4  mO>  tne  surgeon  should  pause  and  gently  press  the  knife  to  one  side 
to  see  if  any  pus  escapes.  If  no  pus  is  found,  the  process  is  repeated  every 
quarter  of  an  inch  until  a  depth  of  iy2  in.  (4  cm.)  is  reached.  If  pus  is  not 
found,  a  similar  exploration  should  be  made  %  in.  (6  mm.)  behind  and  in 
front  of  the  original  puncture.  If  pus  is  not  found  in  this  area,  the  ad- 
visability of  making  further  incisions  above,  in  front  and  behind  this  area 
must  be  considered.  While  superfluous  punctures  through  the  dura  are  to 
!><•  avoided  if  possible,  they  are  not  in  themselves  especially  dangerous  if  care- 
fully done  under  aseptic  precautions,  and  the  possibility  of  leaving  brain 
abscess  undiscovered  must  be  taken  into  consideration. 

As  a  rule,  the  depth  to  which  an  exploratory  incision  may  be  carried  is 
IVi:  in.  (4  cm.).  In  exceptional  instances  abscesses  have  been  reached  at  a 
greater  depth. 

If  pus  escapes  at  any  time,  the  knife  should  be  held  in  that  position  until 
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the  pus  ceases  to  flow  and  until  a  cigarette  drain  i>  inserted  int..  the  abscess 
Oayitj.  If  the  ab0Ge8a  cavity  appear-  t<>  he  a  lame  HIM-,  tin-  I. rain  ,.>iild 

be  incised  to  a  width  <»f   '  .,  in.  to  allow  of  I'm-  drain;: 

THH    WIIITINd    ENCEPHALOSCOI'K.      This    in>tnn,.  kUH6fl     u-eful 

in  facilitating  drainage  of  an  ah  it\.      I.  lmw<  VJM-,   reserve   it-   IIM-   f«»r 

those  cases  where  drainage  by  the  al.'.ve  .-imple  method-  i-  incil'ert  ive  and 
where  there  are  symptoms  of  the  formation  of  a  secondary  al  It  -hoiild 

be  used  with  extreme  care  and  nent  lene>s.  It  i-  incited  int«.  the  tistula  or 
incision  for  14  in.  (7  mm.),  and  its  obturator  removed.  Any  pus  appearim: 
in  its  lumen  is  sponged  away  with  cotton-tipped  applicators  and  the  general 
direction  of  the  fistula  observed  by  pushing  the  instrument,  so  that  the  menis- 
cus of  its  collapsed  boundaries  is  in  the  center  of  the  field  of  th«  nent. 
The  obturator  is  reintroduced  from  time  to  time  when  necessary  to  facilitate 
its  inward  movement.  We  know  when  the  abscess  cavity  is  reached  bv  tin- 
sudden  outpouring  of  pus  and  by  the  fact  that  gentle  rotation  of  the  instru- 
ment no  longer  discloses  a  meniscus,  but  the  smooth  walls  of  the  abscess  cavity. 
The  inexperienced  surgeon  could  easily  create  a  false  passage  or  carry  pus 
from  the  abscess  into  the  surrounding  healthy  tissue.  A  good  headlight  is 
necessary. 

5.  Drainage  of  the  Abscess. — A  rubber  or  glass  tube  gives  the  best  drain- 
age, but  on  account  of  the  extreme  liability  of  secondary  hemorrhage  following 
its  use,  aural  surgeons  are  generally  united  in  the  use  of  gauze  or  cigarette 
drains   (gauze  and  rubber  tissue). 

I  use  a  cigarette  drain,  and  when  the  abscess  cavity  grows  very  small,  a 
simple  strip  of  rubber  tissue.  It  should  be  inserted  well  into  the  abscess 
cavity  and  gradually  shortened  at  each  daily  dressing. 

6.  Dressing. — After  a  drain  has  been  inserted,  its  end  is  fastened  with  a 
safety  pin  and  the  mastoid  cavity  loosely  packed  with  5  per  cent,  iodoform 
gauze.     The  wound  may  be  partly  closed  above  with  silkworm  gut  and  the 
usual  mastoid  dressing  applied. 

AFTER-TREATMENT 

The  patient  should  remain  in  bed  for  at  least  4  weeks  after  the  operation 
until  the  abscess  cavity  has  filled  up  and  the  dural  wound  healed.  If  these 
cases  move  about  too  early,  they  are  prone  to  get  up  a  meningitis  or  an  en- 
cephalitis. 

Dressings  should  be  done  daily  for  2  weeks  and  then  probably  at  less 
frequent  intervals.  The  patient  should  be  kept  on  a  fluid  diet  for  4  or  5  days 
after  the  operation,  and  the  bowels  should  be  regulated  so  as  to  prevent  strain- 
ing during  defecation. 

PROGNOSIS  AND  MORTALITY 

The  prognosis  of  brain  abscess  is  always  grave.  The  most  favorable  cases 
are  those  in  which  the  cavity  is  small  and  superficial,  the  pus  in  the  abscess 
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not  foul,  and  in  which  there  is  a  fistulous  tract  leading  directly  to  the  mid- 
dle ear. 

The  unfavorable  cases  die  of  sepsis  and  exhaustion,  meningitis  or  en- 
cephalitis. 

HERNIA    CEEEBRI 

This  condition  occurs  in  the  unfavorable  cases,  and  is  probably  due  to  an 
encephalitis  in  the  surrounding  tissues.  If  the  hernia  is  large  and  gradually 
increases  in  size,  the  outcome  is  usually  fatal.  If  it  is  small,  the  patient 
may  recover. 

DIGITAL    EXPLORATION 

This  method  is  advocated  by  many  general  surgeons  in  cases  where  the 
abscess  cannot  be  easily  found.  It  necessitates  a  large  incision  in  the  dura  and 
brain  tissue,  and  I  believe  that  its  routine  use  is  fraught  with  danger  to  the 
patient  and  would  reserve  it  for  the  last  resort  in  exceptional  cases  where  the 
symptoms  of  brain  abscess  are  most  positive,  but  the  abscess  cannot  be  dis- 
covered by  any  other  means. 

CEREBELLAR   ABSCESS 

Surgical  Anatomy. — The  anterior  and  mesial  portions  of  the  lateral  lobe 
of  the  cerebellum  are  in  contact  with  the  petrous  pyramid  and  with  the  lateral 
sinus.  This  is  the  most  frequent  site  of  an  abscess  and  the  cerebellum  should 
be  explored  first  in  this  location.  From  a  surgical  standpoint  the  lateral 
lobe  of  the  cerebellum  is  divided  into  2  portions :  first,  the  surface  anterior 
to  the  lateral  sinus;  second,  the  surface  posterior  to  the  lateral  sinus. 

The  general  points  in  the  operative  treatment  of  cerebral  and  cerebellar 
abscess  are  identical;  consequently,  under  this  title  the  author  will  only  con- 
sider the  special  points  wherein  the  surgical  treatment  of  this  condition 
differs  from  that  of  cerebral  abscess. 

TECHNIC  OF  OPERATION  FOR  CEREBELLAR  ABSCESS 

1.  Incision. 

2.  Removal  of  bone. 

3.  Exploration  for  the  abscess. 

4.  Drainage — counter  opening. 

5.  Dressing. 

1.  The  Incision. — This  is  an  extension  directly  backward  of  the  posterior 
mastoid  incision  toward  the  external  occipital  protuberance,  and  of  sufficient 
length  so  that  the  triangular  flap  thus  formed,  when  pushed  downward,  will 
expose  an  area  of  bone  approximately  5  cm.  (2  in.)  in  diameter.  In  those 
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cases  in  which  the  scalp  is  unusually  thick  the  exposure  of  this  area  may  be 
facilitated  by  carrying  the  end  of  this  incision  slightly  downward.  It  should 
be  carried  directly  to  the  bone  and  the  flap  immediately  reflected  downward 
with  the  periosteal  elevator.  Din-inn  this  pion-dim-  the  mastoid  emissary 
vein  will  probably  be  injured;  the  opening  in  the  hone  should  be  plugged 
with  a  bit  of  iodoform  gauze  and  the  scalp  end  of  the  vein  clamped  if  neces- 
sary. Any  muscle  fibers  adhering  to  the  bone  may  be  cut  away  with  curved 
scissors. 

2.  Removal  of  the  Bone.— The  bone  should  be  first  removed  over  the 
lateral  sinus  and  over  that  area  hounded  1>\  the  -inns  Miind,  the  dural  plate 
above  and  the  posterior  surface  of  the  petrous  pynmiid  anteriorly.  Care  must 


FIG.  29. — CEREBELLAR  ABSCESS.  Showing  the  area  of  bone  to  In-  removed  to  adequately  expose  the 
cerebellar  dura  in  front  of  and  behind  the  lateral  sinus.  In  this  dissection  a  Neumann  (laby- 
rinth) operation  has  already  been  performed.  (Drawn  from  a  dissection  by  the  author.) 


be  taken  not  to  injure  the  semicircular  canals  or  the  lateral  sinus.  Injury  to 
the  sinus  adds  considerably  to  the  technical  difficulties  of  the  operation  and 
can  usually  be  avoided  by  the  careful  use  of  the  rongeur  (see  Sinus  Throm- 
bosis). The  bone  over  the  cerebellum,  posterior  and  inferior  to  the  sinus,  is 
of  considerable  thickness,  and  in  many  cases  will  have  to  be  thinned  with  the 
chisel  before  the  rongeur  forceps  can  be  used. 

Behind  the  sinus  an  oval  area  should  be  exposed,  roughly  10  cm.  (2  in.) 
in  diameter.  Aural  surgeons  have,  for  the  most  part,  given  up  the  use  of  the 
trephine  and  depend  largely  upon  the  rongeur  forceps  for  the  removal  of 
the  bone. 

During  this  procedure  the  mastoid  emissary  vein  is  usually  again  in- 
jured. It  may  be  clamped  and  ligated,  or  the  bleeding  controlled  by  iodoform 
gauze  plugs. 

3.    Exploration  of  the  Cerebellum. — The  same  general  rules  of  exploration 
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and  treatment  governing  the  cerebrum  apply  to  the  cerebellum.  If  a  fistula 
is  found,  its  opening  is  enlarged  only  if  necessary.  If  no  visible  evidences 
of  a  subdural  collection  of  pus  are  seen,  the  cerebellum  may  be  explored  in 
the  following  manner: 

In  front  of  the  sinus: 

1.     The  knife  may  be  carried  directly  inward  to  a  depth  of  not  more  than 

5  cm.  (1  in.). 

A  second  incision  may  be  made  behind  the  first,  inward  and  a  little 

backward,    not    deeper   than    1%    in.    (3 
cm.). 

Behind  the  sinus: 

1.  An  incision  may  oe  made  just  be- 
hind the  sinus,  inward  and  forward,  to  the 

-     -       ^WM^IIIII  iniiy  /        dePth  of  l  in- 

^i  ^^^^^IH||^  2>     A  second  incision  behind  the  first, 

t  \^*^     ^l^SmiiiY  inward  and  slightly  forward  to  a  depth  of 

ll/2  in.  (2.6  cm.). 

3.  A  third  incision  posterior  to  No. 
2,  directly  inward  to  a  depth  of  1%  in- 
(3.2  cm.). 

If  the  above  scheme  of  systematic  ex- 
ploration (which  is  due  to  Kerrison)  is 
unsuccessful,  the  advisability  of  other  in- 
cisions must  be  considered  by  the  surgeon. 
Abscesses  in  the  cerebellum  are  apt  to 
be  small  and  the  pus  thick.  It  is,  there- 
fore, easy  for  the  surgeon  to  overlook  an 

abscess  in  this  locality.  On  this  account,  also,  I  believe  the  hollow  needle  to 
be  an  untrustworthy  instrument  for  the  exploration  of  brain  abscesses  of  otitic 
origin. 

4.  Drainage  of  the  Abscess. — If  the  abscess  is  located  anterior  to  the 
sinus,  the  question  of  a  counter  opening  arises.  Some  surgeons  advise  a  counter 
opening  behind  the  sinus  in  every  case  of  cerebellar  abscess  in  this  locality,  but 
I  believe  that  its  use  should  be  restricted  to  those  abscesses  which  are  found 
to  drain  improperly  through  the  anterior  opening. 

During  the  exploration  of  the  cerebellum  and  the  evacuation  of  a  cere- 
bellar abscess,  the  patient  must  be  watched  for  a  cessation  of  respiration. 
It  is  wise  to  have  the  patient  but  lightly  under  the  anesthetic  and  when 
evacuating  an  abscess  to  stop  the  anesthetic  temporarily.  The  intratracheal 
insufflation  method  is  especially  indicated  in  cerebellar  cases. 


FIG.  30. — DIAGRAMMATIC  CROSS-SECTION  OF 
RIGHT  CEREBELLAR  HEMISPHERE.  A  and 
B  indicate  lines  of  exploration  in  front 
of  the  sinus.  C,  D,  and  E  indicate  lines 
of  exploration  behind  the  sinus.  (After 
Kerrison.) 
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CHAPTER   IV 

OPERATIONS   UPON   THE    NOSE   AND   ACCESSORY   SINUSES.      Kill  NOI'LASTICS 

PERCY  R  TUKNUBE 

Plastic  operations  upon  the  nose  are  performed  for  the  correction  of  de- 
formities, sometimes  congenital  defects,  but  much  more  frequently  traiimatism, 
inflammation  or  new  growth.  Rhinoplastics  may  be  partial  or  total. 

The  most  common  types  of  inflammation  that  cause  loss  of  substance  of 
the  nose  are  syphilis,  tuberculosis,  lupus  and  noma. 

It  is  a  fundamental  principle  of  all  plastic  work  upon  the  nose  that  the  pri- 
niniy  causes  of  the  loss  of  substance  must  be  completely  removed  before  any 
operative  procedure  can  be  attempted. 

To  observe  the  following  rules  will  save  many  disappointments  in  rhino- 
plastic  work : 

1.  When  the  patient  has  syphilis  (active),  give  a  good  course  of  anti- 
syphilitic  treatment  before  doing  any  transplantation.     In  other  words,  first 
cure  the  syphilis. 

2.  If  ulcerations  of  any  kind  are  present,  allow  them  to  heal. 

3.  After  healing  of  ulcerations,  allow  ample  time  for  the  scar  tissue  to 
contract. 

4.  Avoid  the  use  of  strong  antiseptic  solutions. 

5.  Flaps  should  be  made  at  least  %  larger  than  the  defect  to  be  covered. 
Handle  all  flaps  very  gently.    The  viability  of  the  flaps  depends  almost  entirely 
on  the  blood  supply  through  the  pedicle,  which  must  not  be  tightly  twisted  or 
subjected  to  tension. 

6.  "It  is  well  for  the  surgeon  to  have  fully  decided  upon  the  certain  operative 
plan  he  is  to  follow  several  days  prior  to  the  operation.    He  must,  especially  in  total 
rhinoplastic  cases,  prepare  a  paper  or  oiled  silk  model  of  the  flap  or  flaps  he  has  de- 
cided upon  to  take  from  the  forehead  or  cheek,  and  to  fold  or  bend  this  model  into  the 
place  of  the  deformity  to  be  overcome  to  make  sure  of  the  result  to  be,  obtained,  allow- 
ing for  the  loss,  if  any,  of  mass  by  reason  of  the  torsion  of  the  flap  at  its  pedicle" 
(Kolle,  20). 

TOTAL   RHINOPLASTY 

The  operations  for  total  rhinoplasty  can  be  divided  into  5  classes,  according 
to  the  region  from  which  the  tissue  to  be  transplanted  is  taken : 
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1.  The  Indian  method,  in  which  the  flap  is  taken  from  the  forehead. 

2.  The  French  method,  in  which  the  flap  is  taken  from  the  cheek. 

3.  The  Italian  method,  in  which  the  flap  is  taken  from  the  arm. 

4.  The  finger  method. 

5.  The  German  method,  in  which  the  flap  is  taken  from  the  chest. 

1.     THE  INDIAN  METHOD 

(After  Keegan) 

This  method  is  chiefly  applicable  in  those  cases  where  the  soft  parts  (carti- 
lages, ala>,  septum  and  columns)  are  lost,  but  in  which  the  nasal  bones  and  the 
skin  over  them  are  intact. 

Technic. F1KST  STEP. —Outline  the  flap  on  the  forehead  with  a  pencil 

or  by  a  shallow  incision.    The  size  and  shape  will  vary  according  to  the  amount 

of  tissue  to  be  replaced.  The  flap 
should  be  taken  diagonally  across  the 
forehead  and  not  vertically,  in  order  not 
to  include  any  of  the  scalp.  The  ped- 
icle should  occupy  the  internal  angle  of 
the  orbit,  and  care  must  be  taken  not  to 
injure  the  angular  artery  which  is  to 
nourish  the  flap  (Fig.  1). 

SECOND  STEP. — The  second  step 
consists  in  the  preparation  of  the  lining 
of  the  nose  and  the  freshening  of  the 
edges  of  the  defect.  Two  converging 
incisions  beginning  at  a  point  slightly 
external  to  the  roots  of  the  also  of  the 
nose  extend  upward  to  2  points,  about 
%  in.  apart,  on  the  bridge  of  the  nose, 
CA  and  HF;  and  A  and  F  are  joined 
by  a  horizontal  incision  a  short  distance 
above  the  margin  of  the  defect.  From 
the  center  of  this  incision  a  perpendicu- 
lar incision  extends  downward  to  a 

point  where  the  cartilages  join  the  nasal  bones,  BE,  DG.  Two  quadrilateral 
flaps,  CABD  and  IIFEG,  are  thus  formed.  These  2  quadrilateral  flaps  are 
folded  down  so  that  their  cutaneous  surfaces  line  the  nasal  cavity,  after  which 
what  remains  of  the  edges  of  the  defect  are  freshened.  (Fig.  2.) 

The  flaps,  when  folded  down,  allow  2  triangular  pieces  to  overlap  in  the 
center.  Keegan  removes  these  pieces  and  transplants  them  into  the  forehead 
wound.  Smith  (32),  instead  of  cutting  away  the  2  triangular  pieces,  splits  the 
old  septum  and  sutures  the  edges  of  these  pieces  into  the  sides  of  the  septal 
wound,  thereby  forming  a  septum  and  columna. 


FIG.  1. — KEEOAN'S  INDIAN  METHOD,  SHOWING 
OUTLINE  AND  POSITION  OF  FLAP  ON  THE 
FOREHEAD. 
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FlO .  2. K  E  EG  A  N  \  I  ETH- 

OD,   SHOWING     INCISION    FOR 

1'.|CM\1I"N    ,,t     \A-v\l.    FLAP. 


THIRD  STEP. — The  outline  incision  nf  the  flap  is  deepened,  CMittinir  all  tis- 
sues down  to  I. ill  nut  through  tin-  |M-i-i..-t, Mini.  Separate  tin-  llap  1'n.in  the  fore- 
head with  as  little  handling  as  possible,  and  twist 
the  flap  down  over  the  nose.  In  order  to  facilitate 
this  twisting,  the  liin-e  has  been  made  oblique, 
starting  higher  on  one  side  than  on  the  other. 

FOURTH  STEP.— The  2  raw  surfaces  are  now 
lying  in  apposition.  The  inferior  margins  of  the 
quadrilateral  nasal  flaps  and  the  forehead  flap  are 
sutured  together.  The  portion  of  the  flap  en: 
the  columna  is  fitted  into  a  bed,  at  the  site  of  the 
old  columna,  which  was  prepared  for  it  when  the 
edges  of  the  defect  were  freshened.  The  2  orig- 
inal incisions,  CA  and  IIF,  are  now  deepened  and 
beveled  for  the  reception  of  the  lateral  margins  of 
the  flaps  which  are  sutured  to  them. 

FIFTH  STEP. — The  sides  of  the  forehead  wound  are  approximated. 
SIXTH  STEP. — Insert  drainage  tubes  into  each  new  formed  nostril  and  ap- 
ply boric  acid  ointment  dressings  over  the 
lateral  margins  of  nose  and  cheek. 

SEVENTH  STEP.— The  seventh  ri 
the  division  of  the  pedicle.     A  fortnight 
after    the    original    operation,    a    wedge- 
shaped  piece  of  tissue  is  removed  1'rmn  the 
pedicle,  making  the  forehead  smooth. 

There  have  been  many  modifications 
and  some  improvements  of  this  method. 
They  have  practically  all  been  based  upon 
the  fact  that,  without  nasal  bones  to  sup- 
port it,  the  transplanted  substance  results 
in  a  flat  nose.  To  overcome  this,  pieces  of 
cartilage  or  bone  are  transplanted  with  tin- 
flap. 

Koenig's  Operation.'— In  1886  Koenig 
described  one  of  the  first  osteoplastic  flap 
operations  (Fig.  3). 

FIRST  STEP. — A    skin-periostenm-bone 
flap  is  made  1  cm.  wide.     The  flap  b« 
at  the  root  of  the  nose  and  extends  directly 
upward  to   the   hair  line.      This   flap   is 

turned  down  with  the  bony  surface  out.  One  centimeter  from  the  lower  edge, 
the  bone  is  fractured  transversely  to  allow  the  lower  portion  to  form  the 
columna.  The  lower  edge  is  sutured  into  the  freshened  edge  of  the  old 
columna. 


FIG.  3. — KOENIG'S  OPERATION,  SHOWING 
SKIN-PERIOSTEUM-BONE  FLAP  CUT  AND 
TURNED  DOWN  WITH  ITS  BONY  SURFACE 
OUTWARD;  ALSO  INCISION  FOR  FORE- 
HEAD FLAP. 
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SECOND  STEP. — This  raw  surface  is  covered  with  a  forehead  flap  after  the 

Indian  method. 

Schimmelbusch's  Operation  (31).— Fig.  4,  A.— FIEST  STEP.— A  periosteum- 
bone-skin  flap  is  made  from  the  forehead  large  enough  to  cover  the  defect,  with 


FiO>  4. — SCHIMMELBUSCH'S  OPERATION.  A,  Position  and  shape  of  flap  from  forehead.  B,  Periosteum' 
bone-skin  flap  turned  down  and  wrapped  in  iodoform  gauze  and  wound  in  forehead  covered  by 
sliding  flaps.  C,  Flap  sutured  in  position  and  covered  with  skin  grafts. 

a  base  of  from  1  to  9  mm.  wide.     The  flap  reaches  from  the  root  of  the  nose 

directly  upward  to  the  limit  of  the  hairy  scalp.     As  soon  as  it  is  lifted,  the  flap 

is  wrapped  in  iodoform  gauze. 

SECOND  STEP. — The  forehead  defect  is  covered  in  by  sliding  flaps  from  the 

scalp.     (Eig.  4,  B.) 

THIED  STEP. — The  periosteum-bone-skin  flap  is  left  in  iodoform  gauze  for 

from  4  to  9  weeks,  which  allows  the 
dead  bone  to  slough  away  and  the  entire 
area  to  be  covered  with  granulations. 
These  granulations  are  then  removed 
and  the  entire  raw  surface  is  covered 
with  Thiersch  grafts. 

FOUETH  STEP.— When  the  grafts 
are  healed,  the  bony  plate  is  sawed  from 
the  grafted  side  at  the  middle  line,  with 
a  fine  saw,  to  allow  the  flap  to  be  mod- 
eled into  the  shape  of  a  nose. 

FIFTH  STEP.— The  edges  of  the 
nasal  defect  are  freshened  and  the  sep- 
tum is  formed  from  the  tissue  removed 
from  these  edges.  The  flap  is  then 
twisted  into  position  with  the  newly 
formed  epidermis  turned  to  the  inner 

side  and  sutured  to  the  freshened  edges  of  the  defect. 

SIXTH  STEP.— Several  subsequent  minor  operations,  done  under  cocain,  are 

often  necessary  for  the  cosmetic  result. 


Fio.  5. — LEXER'S  OPERATION,  SHOWING  FORMA- 
TION OF  FOREHEAD  FLAP  BENT  UPON  ITSELF. 
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Lexer's  Operation  (21).— This  is  a  modification  of  Schiramelbusch's  opera- 
tion to  obviate  the  necessity  of  waiting  for  the  granulations  to  form  and  the 
Thiersch  grafts,  to  take. 

FIRST  STEP.— All  the  scar  tissue  which  may  obstruct  the  respiration   is 


FIG.  6.— LEXER'S  OPERATION,  SHOWING  THE 
Two  RAW  SURFACES  OF  THE  FLAP  SUTURED 
TOGETHER. 


FIG.  7. — LEXER'S  OPERATION,  SHOWING  FORMA- 
TION OP  PEDICLE  AMD  SEPTUM. 


curetted  away,  and  the  raw  areas  are  covered  with  skin  flaps  from  the  remnants 
of  the  adjacent  skin.  These  flaps  are  not  sutured,  but  are  held  in  place  by 
gauze  tampons  until  union  takes  place.  The  skin  over  the  root  of  the  nose 
should  be  carefully  guarded  against  in- 
jury, as  it  is  used  to  form  the  pedicle 
of  the  flap.  (Fig.  5.) 

SECOND  STEP:  FORMATION  OF  THE 
FOREHEAD  FLAP. — A  large  flap  with  a 
broad  base  is  cut  from  the  forehead. 
The  upper  half  of  the  flap  should  in- 
clude the  periosteum  and  some  bone. 
The  flap  is  then  bent  in  the  middle  and 
the  2  raw  surfaces  of  the  flap  are  su- 
tured to  each  other,  giving  the  bone  a 
layer  of  skin  on  both  sides.  The  fore- 
head wound  is  closed  with  skin  grafts. 
(Fig.  6.) 

THIRD  STEP:  FORMATION  OF  A  PED- 
ICLE,— Three  to  4  weeks  after  the  first  procedure,  when  the  blood  supply  to  the 
forehead  is  assured,  the  formation  of  the  pedicle  is  begun.  This  step  is  carried 
out  in  several  stages,  in  order  not  to  interfere  with  the  blood  supply.  On  one 
side  the  incision  is  made  down  to  the  nasal  defect,  and  on  the  other  to  the  inner 
canthus  of  the  eye.  In  order  that  the  pedicle  may  be  turned  without  torsion, 
the  skin  is  separated  from  the  underlying  bone  on  the  side  of  the  longer  in- 
cision. The  separation  may  have  to  be  carried  as  far  as  the  mid  line.  (Fig.  7.) 


FIG.  8. — LEXER'S  OPERATION,  SHOWING  THE 
EDGES  OF  THE  PYRIFORM  Foa&s  AND  THE 
EDGES  OF  THE  FLAP  FRESHENED  AND  SU- 
TURED TOGETHER. 
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FIG.  9. — LEXER'S  OPERATION,  SHOWING  PEDICLE 
CUT  AND  FLAP  TURNED  UPWARD  TO  FILL 
THE  GAP  BETWEEN  THE  EYEBROWS. 


FOUETH  STEP:    FOBMATION  OF  THE  SEPTUM.— From    the    middle    of   the 
under  surface  of  the  flap,  cut  a  strip  of  skin  1  cm.  wide  down  to  the  bone  plate. 
Leave  the  skin  pedunculated  near  the  future  tip  of  the  nose.     This  is  to  be  use 
for  the  septum.     Through  this  wound  the  bone  is  split  with  a  fine  saw  in  the 

middle  line  to  allow  it  to  be  bent  to  the 
shape  of  a  nose.  The  edges  of  the  pyri- 
form  fossae  and  the  edges  of  the  flap 
are  freshened  and  sutured  together. 
(Fig.  8.) 

FIFTH    STEP:      CUTTING    THROUGH 

THE  PEDICLE. — This  step  is  delayed  as 
long  as  possible,  for  when  it  is  per- 
formed too  early,  especially  in  syphili- 
tics,  the  bone  is  apt  to  be  absorbed.  The 
pedicle  is  cut  to  allow  a  flap  which  is 
turned  upward  to  fill  in  the  gap  be- 
tween the  eyebrow  and  sutured  carefully  into  place.  (Fig.  9.) 

SIXTH  STEP:  FORMATION  OF  THE  NORMAL  DEPRESSION  BETWEEN  THE 
NOSE  AND  THE  FOREHEAD. — This  is  done  several  weeks  after  the  pedicle  has 
been  cut.  An  incision  is  made  through  the  scar  tissue  at  the  inner  cantlms  of 
the  eye,  about  2  cm.  long.  The  scar  tissue,  with  all  the  tissue  down  to  the 
bone,  is  excised.  The  tissue  at  the  root  of  the  nose  is  lifted  and  all  the  edema- 
tons  and  thickened  connective  tissue  is 
removed.  The  skin  is  then  pressed 
down  upon  the  bone.  The  slight  excess 
of  skin,  which  will  be  found  on  both 
sides,  is  removed  by  an  incision  convex 
toward  the  nose  (Fig.  10). 

SEVENTH  STEP:  FORMATION  OF 
THE  POINT  OF  THE  NOSE. — This  is 
done  by  transplanting  a  piece  of  bone 
or  cartilage  from  the  rib  of  the  same 
patient  or  another.  A  symmetrically 
curved  incision  is  made  along  the  lower 

border  of  the  newly  formed  nose,  and  the  skin  is  lifted  from  the  underlying 
transplanted  bone.  An  oval  piece  of  bone  or  cartilage  is  prepared,  slightly 
convex  on  its  periosteal  side  and  with  a  slight  groove  on  its  non-periosteal  side, 
for  lodgment  against  the  transplanted  bone.  This  piece  is  then  properly 
placed  in  the  bed  prepared  for  it.  This  makes  the  curved  incision  gape 
slightly.  This  is  not  sutured,  and  the  wound  is  allowed  to  heal  by  granulation. 
The  newly  transplanted  bone  may  have  to  be  held  in  by  -a  needle. 

EIGHTH  STEP:  FORMATION  OF  THE  AL^E. — The  connective  tissue  of  the 
scar  in  the  curved  incision  causes  a  slight  depression  on  the  sides  of  the  nose 
which  may  be  used  as  the  anterior  margin  of  the  alse.  In  order  to  make  this 


FIG.  10. — LEXER'S  OPERATION,  SHOWING  FORMA- 
TION OF  DEPRESSION  BETWEEN  NOSE  AND 
FOREHEAD. 
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more  pronounced  and  also  to  thin  out  the  much  thickened  ate,  a  slightly  curved 
incision  is  made  in  the  nostril  and  the  subcutaneous  tissue  on  tin-  imn-r  side 
of  the  bony  framework  is  removed.  A  small  notch  is  then  cut  in  tin  l.-.n.  with 
a  fine  bone  forceps  on  both  sides.  In  this  way,  not  only  is  the  nostril  widen*-.!, 
but  the  notch  is  also  deepened. 

NINTH    STEP:      FORMATION   OF   THE   OUTER   MARGIN   OF   THE    ALJE.— A 
small  amount  of  skin  is  excised  from  the  external  <•.!-<•  nf  tin-  m-w  u« ».-<•.     Thi* 


FIG.     11. — NELATON'S     OPERATION,     SHOWING  FIG.  12. — NELATON'S  OPERATION.  SHOWING  Ro- 

FLAP  OUTLINE  ON  FOREHEAD  WITH  TUNNEL  TATION  OF  FLAP  CONTAINING  CARTILAGE  AWD 

INTO   WHICH  THE   STRIP   OF  CARTILAGE   is  POSITION  OF  SUTURES. 
PLACED. 

rounds  out  the  ala.  The  edges  of  the  wound,  instead  of  being  united,  are 
sutured  to  the  subcutaneous  tissues,  thus  deepening  the  curve. 

Nelaton  Operation. — Instead  of  using  part  of  the  bony  framework  of  the 
forehead,  Nelaton  transplants  a  piece  of  cartilage  underneath  the  skin,  which 
he  intends  to  use  for  the  flap. 

FIEST  STEP. — The  costal  cartilage  of  the  eighth  rib  is  excised  and  trimmed 
until  it  is  about  2%  mm.  wide. 

SECOND  STEP. — A  flap  is  outlined  on  the  forehead  (Fig.  11),  and  a  hori- 
zontal tunnel  is  made  in  the  middle  of  it,  under  the  periosteum,  wide  enough  to 
take  the  strip  of  cartilage  which  is  introduced  into  this  tunnel.  The  cartilage 
has  previously  been  notched  at  the  point  where  it  is  to  be  bent  for  the  columna. 

THIRD  STEP.- — The  skin  which  covers  the  remnants  of  the  nose  is  made  into 
3  flaps.  The  portion  covering  the  base  is  turned  down,  and  the  skin  covering 
the  sides  are  turned  in  and  sutured  together. 

FOUETH  STEP. — The  forehead  flap,  with  its  pedicle  at  the  inner  border  of 
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the  eyebrow,  is  cut  with  the  transplanted  cartilage  in  the  center  of  the  flap. 
The  flap  is  rotated  and  sutured  over  the  prepared  raw  surfaces.  The  cartilage 
is  bent  at  the  nick,  and  the  forehead  skin  covering  it  is  sutured  into  freshened 
base  of  the  old  columna.  (Fig.  12.) 

FIFTH  STEP. The  frontal  wound  is  closed  with  skin  grafts. 

SIXTH  STEP.— Any  cosmetic  operations  on  the  pedicle  which  prove  neces- 
sary are  done. 

2.    FRENCH  METHOD 

The  essential  feature  of  this  method  consists  in  the  use  of  flaps  taken  from 
the  cheeks  for  the  formation  of  the  new  nose.  It  is  not  recommended,  because 
the  marked  contraction  of  the  scar  tissue  in  the  cheeks  soon  flattens  the  newly 
formed  nose  to  almost  the  level  of  the  rest  of  the  face. 

Syme's  Operation. — The  Syme's  op- 
eration is  a  typical  example  of  this 
method  (Fig.  13). 

FIEST  STEP.— From  each  cheek, 
form  a  flap  which  has  its  pedicle  at  the 
root  of  the  nose. 

SECOND  STEP. — The  inner  edges  of 
the  flaps  are  united  down  the  center  line 
and  the  outer  edges  are  sutured  to  the 
freshened  edges  of  the  defect. 

THIED  STEP. — The  cheek  wounds 
are  closed  with  sutures  or  skin  grafts 
and  a  tube  is  placed  in  each  nostril. 

3.     ITALIAN   METHOD 

The  restoration  of  a  nose  by  means 
of  a  flap  of  skin  taken  from  the  arm  is 
an  operation  of  Italian  origin,  Gaspard 
Taglacozzi  (or  -cotti)  being  the  first  to 
use  it  in  1597.  The  special  feature  of 

the  operation  is  the  pedicle  which  is  left  when  the  flap  of  skin  is  raised  from 
the  upper  arm,  and  which  is  not  divided  until  after  the  free  portion  of  the  flap 
has  united  with  the  nose.  This  method  is  now  only  used  when  there  is  no  avail- 
able tissue  on  the  face ;  or  when  the  operator  wishes  to  avoid  further  scarring 
of  the  face. 

Technic,— FIRST  STEP.— (After  MacCormac,  22).— "Provide  a  means 
whereby  with  the  minimum  of  inconvenience,  the  patient's  arm  may  be  kept 
in  the  needful  position  for  the  requisite  period."  This  is  from  1  to  3  weeks 
(Figs.  14,  15,  16  and  17). 

SECOND  STEP. — A  gutta-percha  model  is  made  for  the  nose,  and  from  this 


Fio.    13. — SYME'S   OPERATION,   SHOWING   OUT- 
LINE  OF   FLAPS   MADE   FROM   CHEEKS. 
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model  is  planned  the  flap  to  be  taken  from  the  ami.  The  flap  should  consist  of 
skin  and  subcutaneous  fat  and  should  bt«  twi.-,-  tin  n^um-,!  rise,  to  allow  for 
shrinkage.  A  piece  of  tissue  for  the  septum  is  planned  at  the  same  time.  The 
anterior  surface  of  the  left  upper  arm  near  the  elbow  is  u.- 

in  IKD  STEP.— When  the  flap,  including  th,  small  piece  for  the  septum,  has 
I.< en  iimrknl  out  on  the  arm,  it  is  raised  from  the  subjacent  tissues  f,,r  its  en- 
tire length,  but  not  cut  free,  leaving  the  2  ends  attached.  Sterile  rubber  tissue 
is  then  placed  under  this  bridge,  and  the  surfaces  are  allowed  to  granulat- 


FIG.  14. — NKLATON'S  METHOD  FOR  THE  FIXA- 
TION  OF  THE  ARM   TO   THE   HEAD,  SHOWING 

APPLICATION     OF     COTTON     AND     FOLDED 
GAUZE  PADDING  AND  MOULDED  IRON  STRIP. 


FIG.  15. — FRONT  VIEW  OF  FIGURE  14. 


1  week  under  the  most  perfect  aseptic  conditions.  By  this  method  the  tissues 
of  the  flap  thicken,  and  its  circulation  is  reestablished  before  it  is  attached  to 
the  face. 

FOURTH  STEP. — The  upper  end  of  the  flap  is  separated  from  the  arm,  a 
slightly  curved  incision  is  made  parallel  to  the  border  of  the  defect  on  the 
right  side,  and  the  edge  of  the  flap  is  sutured  into  this  incision. 

FIFTH  STEP.— After  3  weeks  the  flap  is  cut  from  the  arm,  and  the  septum 
and  the  other  side  of  the  flap  are  sutured  into  freshened  edges  of  the  nose. 

SIXTH  STEP. — Minor  operations  are  performed  that  may  be  necessary  for 
a  cosmetic  result. 

Lexer's  Operation.— This  method  is  a  modification  of  the  preceding  one.  A 
piece  of  bone,  of  the  dimensions  desired  for  the  bony  structure  of  the  nose,  is 
cut  from  the  femur  and  transplanted  under  the  skin  of  the  arm.  When  it  is 
13  B 
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well  established,  a  flap  including  the  bone  is  cut  in  the  arm  and  transplanted  to 

th<3  Israel's  Operation  (13).-A  flap  is  made  from  the  inner  side  of  the  fore- 
arm   ™d  a  piece  of  the  ulna  is  taken  with  the  skin  flap  to  glve  it  a  b 

^Steinthal's  Operation  (33)  .-A  flap  cut  from  the  skin  of  the  sternum,  with 


Fio.  16. — NELATON'S  METHOD,  SHOWING  AP- 
PLICATION OF  HEAVY  PLASTIC  STRIPS  OVER 
PREVIOUSLY  APPLIED  PADDING. 


FIG.  17. — NELATON'S  METHOD,  SHOWING  ARM 
FASTENED  TO  HEAD.  It  will  be  noted  that 
all  padding  has  been  removed  from  the  upper 
part  of  the  chest  and  that  the  cast  overlaps 
in  front  and  is  fastened  by  a  leather  strip. 


its  periosteum,  is  transplanted  to  the  forearm.     After  the  graft  has  taken,  the 
flap  is  transplanted  from  the  forearm  to  the  nose. 


4.     FINGER   METHOD 

This  is  another  method  by  which  the  lack  of  bony  framework  in  skin  flaps 
is  overcome.  It  was  probably  first  performed  by  James  Hardie  in  1875  (10). 
His  result  seemed  satisfactory  for  a  while,  but  later,  through  lack  of  support, 
tin-  new  nose  receded  into  the  nasal  cavity.  Sabine  (30)  had  a  similar  case  in 
1882.  He,  however,  used  the  first  phalanx  of  the  finger  as  the  columna. 
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Of  late  years  the  use  of  the  finder  in   rhinoplastics  has  again  come  into 

favor.  Wolkowitseh,  MeWilliams,  Baldwin,  Kinnev,  and  MeCraw  all  have  re- 
port'-d  successful  results. 

Baldwin's  Operation  (  1  ).— This  is  a  very  good  niMditieatin,,  ,,f  th«-  tinker 
method.  The  linger  is  used  for  the  exterior  sin-fare  ,,f  the  nose,  which  is  lined 
with  Hups  taken  from  the  abdominal  wall. 

FIEST  STEP. — The  skin  on  the  palmar  surface  of  the  left  riii-  finger  is  split, 
and  til  I  the  tissues  down  to  the  bone  are  dissected  back  on  both  sides  (Fig. 
18,  1). 

SECOND  STEP. — A  rectangular  flap  of  skin  is  dissected  up  from  the  an- 
terior abdominal  wall  (  Fi-.  18,  2),  and  this  is  sutured  t«.  the  deflected  skin  of 
the  finger  so  that  the  linger  is  covered  <>n  bnth  <id<  -kin  and  has  2  broad 

lateral  expansions.  These  projecting  sides  are  tied  to  a  large  piece  of  per- 


B 


(2) 


(1) 


FIG.  18. — BALDWIN'S  OPERATION.  (1)  Back  of  ring  finger  with  palmar  flaps  extended  to  apply  to  A. 
(2)  Flap  A  to  be  dissected  up  and  laid  back  to  apply  to  flaps  on  finger  B  and  C  to  be  undermined  and 
brought  together  to  cover  raw  surface. 

forated  copper — like  bats'  wings — to  prevent  contraction.  The  gap  in  the 
abdominal  wall  is  closed  by  sliding  flaps. 

THIRD  STEP. — Two  weeks  later  the  skin  flap  is  cut  from  the  abdominal 
wall. 

FOURTH  STEP. — After  another  period  of  about  2  weeks,  the  arm  and  head 
are  placed  in  a  plaster  bandage.  The  bandage,  when  thoroughly  dry,  is  split 
up  the  side.  The  following  day  remove  the  skin,  nail  and  matrix  from  the  tip 
of  the  finger.  The  edges  of  the  sides  are  trimmed  and  slightly  split.  The 
tissues  at  the  root  of  the  nose  are  trimmed  and  treated  in  such  a  way  that  the 
bone  of  the  finger  tip  may  come  in  contact  with  the  frontal  bone.  The  edges  of 
the  nasal  cavity  are  freshened  and  the  lateral  edges  are  sutured  into  their 
proper  places. 

FIFTH  STEP. — Three  weeks  later  1  digital  artery  is  tied  and  cut  A  few 
days  later  the  other  digital  artery  is  cut,  and  the  finger  amputated. 

SIXTH  STEP. — The  first  phalanx  is  turned  up  to  form  the  columna. 

SEVENTH  STEP. — Minor  operations  may  have  to  be  done  for  cosmetic  re- 
sult. 
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Me  William's  Operation  (24).— The  finger  is  used,  but  no  lining  for  the  nose 

is  provided  for. 

FIRST  STEP. The  night  before  the  operation,  the  arm  and  head  are  placed 

in  a  plaster-of-Paris  bandage.     The  cast  is  split  up  the  side  so  as  to  be  readily 
removed  in  case  of  anesthetic  accident. 

SECOND  STEP. — The  soft  parts  at  the  root  of  the  nose  are  lifted,  but  not 
cut.    An  Esmarch  bandage  is  placed  about  the  arm.     The  nail-bed  with  its  nail 

and  the  skin  from  the  whole  circumfer- 
ence of  the  last  phalanx  is  removed. 
The  tip  of  the  last  phalanx  is  removed 
with  a  rongeur.  The  metacarpopha- 
langeal  joint  is  opened  posteriorly. 
The  head  of  the  metacarpal  bone  is  re- 
moved and  the  anterior  tendons  are 
divided.  The  digital  vessels  must  not  be 
injured. 

THIRD  STEP. — The  denuded  bone  of 
the  finger  tip  is  placed  against  the  fron- 
tal bone  under  the  bridge  of  undivided 
soft  parts. 

FOURTH  S  T  E  P. — A  longitudinal 
strip  of  skin  is  removed  on  each  side  of 
the  finger  about  %  in.  wide.  The  edges 
of  the  nasal  remnants  or  cheek  are  bev- 
eled to  make  a  point  of  attachment  for 
the  skin  from  the  finger. 

FIFTH  STEP. — Fifteen    days    later, 
the  digital  vessels  on  one  side  of  the 
finger  are  tied  and  cut,  thus  slowly  reestablishing  the  circulation. 
SIXTH  STEP. — On  the  twenty-first  day  the  finger  is  amputated. 
SEVENTH  STEP. — The   proximal    phalanx   is   flexed    and    sutured   to   the 
freshened  base  of  the  nose. 

EIGHTH  STEP. — Minor  operations  may  have  to  be  done  for  a  cosmetic  re- 
sult. 

5.     GERMAN  METHOD 

E.  Hollander's  Operation  (11). — This  operation  makes  use  of  a  method  of 
rhinoplasty  particularly  adapted  to  women,  in  which  the  skin  covering  the 
sternum  is  used. 

FIRST  STEP. — A  breast  and  head  bandage  of  plaster-of-Paris  is  placed  in 
order  to  approximate  the  2. 

SECOND  STEP. — A  flap  of  skin  is  excised  from  over  the  sternum  according 
to  Figure  19. 

THIRD  STEP.— The  skin  over  the  nose  is  freshened,  and  the  upper  portion 


FIG.  19. — E.  HOLLANDER'S  OPERATION,  SHOWING 
SHAPE  AND  POSITION  OF  FLAP  TAKEN  FROM 
THE  CHEST. 
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Fio.  20.  —  NELATON'S  OPERATION, 
SHOWING  SHAPE  AND  POSITION  or 
FLAP. 


of  the  flap  is  sutured  to  the  freshened  area.     The  upper  portion  of  the  chest 

wound  is  drawn  together  ;m<l  sutured,  and  the  lower  portion  is  covered  with  a 
dressing  and  left  for  the  reception  of  the  unused  porti'.M  ••!'  the  Hap. 

To  prevent  infection  of  the  raw  surface,  it 
must  be  covered  with  rubber  tissue  or  some 
impermeable  material. 

FOURTH  STEP.— The  flap  is  cut  through  on 
the  fifth  day  and  sutured  to  the  freshened 
ei lives  of  the  nose  remnants.  The  excess  of 
skin  is  put  back  on  the  raw  area  of  the  chest. 

It  is  only  when  the  distance  from  the 
areola  of  the  nipple  to  the  opposite  sterno- 
clavicular  articulation  is  equal  to  or  greater 
than  the  distance  from  the  areola  to  the  root  of 
the  nose  (with  head  bent  and  breast  raised) 
that  this  method  can  be  used. 

Rosenstein's  Operation  (29). — This  method 
is  a  modification  of  the  preceding  one.  The 
skin  from  the  sternum  is  transplanted  into  the 
chin  and,  after  union  has  taken  place,  the  flap 
is  transplanted  from  the  chin  to  the  nose.  This 
procedure  obviates  the  discomfort  of  a  long  operation  with  the  head  and  breast 
held  in  plaster. 

NELATON'S  RHINOPI^STIC  OPERATION 

This  is  one  of  the  methods  for  complete  rhinoplasty,  of  which  there  are 
several,  which  does  not  regularly  belong  under  any  of  the  preceding  classifica- 
tions (26).  This  procedure  is  applicable  in  all  cases  where  a  nasal  stump  is 
left  which  has  a  protuberance  of  at  least  7  or  8  mm. 

Technic. — FIRST  STEP. — A  horseshoe-shaped  flap  is  cut  around  the  defect 
formed  by  the  destruction  of  the  nose.  Standing  on  the  left  side  of  the  patient, 
the  operator  begins  the  incision  on  the  right  cheek  at  a  point  situated  a  finger's 
breadth  from  the  nasal  fossa,  on  a  line  from  the  anteriors  nasal  spine 
to  the  lobe  of  the  ear.  The  incision  goes  upward,  following  the  nasogenial 
furrow,  and  passes  6  mm.  inward  of  the  lacrimal  caruncle  to  the  eyebrow, 
which  it  divides  at  its  inner  end  in  a  vertical  direction.  After  passing  tin 
brow,  the  incision  continues  directly  upward  for  a  short  distance,  and  then 
slants  inward  to  reach  the  edge  of  the  hairy  scalp  in  the  middle  line.  The  same 
incision  is  now  made  on  the  left  side  from  below  upward,  terminating  at  the 
same  point,  near  the  edge  of  the  scalp.  (Fig.  20.) 

SECOND  STEP. — The  frontal  flap  is  dissected  free  from  the  bone  at  its  tip 
and  margins  only,  leaving  a  long  mesial  strip  of  the  flap  adhering  to  the  bone 
from  the  upper  extremity  to  the  level  of  the  frontal  sinus.  One  of  the  dis- 
sected sides  of  the  flap  is  turned  back  by  an  assistant  to  allow  the  operator  to 
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trace  a  furrow  with  a  chisel  through  the  external  layer  of  the  diploe,  upward 
from  the  frontal  sinus  to  a  point  near  the  extremity  of  the  flap.     The  same 


FIG.  21. — NELATON'S  OPERATION,  SHOWING 
SAWING  OF  NASAL  BONES  TO  FREE  FLAP. 


FIG.  22. — NELATON'S  OPERATION,  SHOWING 
BENDING  OF  FLAP  TO  ESTABLISH  SHAPE 
OF  NEW  NOSE. 


procedure  is  repeated  on  the  opposite  side,  and  an  effort  is  then  made  from 
above  downward  to  detach,  hy  means  of  a  fine  flat  chisel,  the  strip  of  the  thin 
outer  layer  of  the  diploe.  Near  the  frontal  sinus,  this  strip, 
which  adheres  to  the  flap  for  a  width  of  ahout  3  cm.,  is 
separated  completely  from  the  bone.  The  dissection,  which 
had  reached  as  far  as  the  frontal  sinus,  is  then  continued 
lower  down  and  the  bony  framework  of  the  root  of  the  nasal 
bones  is  exposed.  These  bones  are  exposed  to  an  extent  of  6 
to  8  to  10  mm.,  according  to  the  size  of  the  nasal  stump. 

TKIED  STEP. — The  bones  of  the  nose  are  cut  with  a  saw 
(Fig.  21),  passing  from  above  downward  and  backward,  and 
dividing  the  ascending  process  of  the  superior  maxilla.  The 
instrument  follows  a  line  beginning  1  cm.  in  front  of  the 
anterior  nasal  spine  and  reaching  toward  the  second  molar. 
The  cut  ends  a  little  below  and  6  to  7  mm.  in  front  of  the 
suborbital  foramen.  The  division  of  the  bones  can  be  accom- 
plished without  difficulty,  provided  the  soft  parts  have  been 
freely  incised  and  the  course  of  the  saw  has  been  plainly 
exposed. 

FOUETH  STEP.— Having  reached  the  point  indicated,  the 
saw  is  withdrawn  and  the  root  of  the  ascending  process  is 
fractured  by  means  of  a  gouge  which  has  been  introduced  into  the  wound  on 
each  side.     This  separation  must  be  made  cautiously  and  is  left  incomplete. 
In  lowering  the  flap  and  the  nasal  structures,  the  operator  completes  this  frac- 


FlG.  23.-NELATON'S 

OPERATION,  SHOW- 
ING SUTURE  OF 
FLAP. 
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ture  in  such  a  way  that  the  ascending  JH  mains  loosely  connected  with 

the  body  of  the  maxilla,  adhering  slightly  by  some  bony  fibers. 

FIFTH  STEP.— The  flap  is  fold,  d  together  !  :iid  th<-  tip  .,f  the  nose, 

funned  hv  ihc  Himmit  <>!'  the  ii;isal  stump,  is  held  in  tin-  desired  position  by  an 
assistant.  The  flap  is  sutured  as  shown  in  r'iguiv  L':J,  thus  forming  a  nose 
which  receives  its  dorsal  support  from  the  strip  of  osseous  tissue  which  has  been 
detached  from  the  frontal  bone. 

The  elliptical  space  which  is  left  on  the  forehead  is  covered  with  Thiersch 
skin  grafts.  The  nostrils  and  the  lower  part  of  the  septum  are  formed  in  a 
second  operation,  which  is  planned  according  to  the  conditions  that  exist. 
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Operations  for  partial  rhinoplastic  restoration  deal  essentially  with  the  re- 
pair of  the  loss,  through  accident  or  disease,  of  the  lateral  wall,  the  wings,  the 
tip  of  the  nose  or  the  nasal  septum.  For 
repairing  these  defects,  flaps  may  be 
taken  from  the  cheek,  the  lip,  the  normal 
side  of  the  nose,  or  the  arm. 

REPAIR   OF   THE   ALA 

Von  Langenbeck's  Operation  (Fig. 
24). — This  author  makes  a  quadrilateral 
flap  with  its  pedicle  to  one  side  of  the 
center  line  and  on  the  affected  side.  The 
lower  part  of  the  flap  should  include  a 
piece  of  the  cartilage  of  the  ala?,  but  not 
all  the  thicknesses  of  nasal  tissues.  This 
flap  is  brought  over  and  sutured  into 
freshened  edges  of  the  defect.  The  raw 
surface  left  on  the  healthy  side,  as 
the  result  of  removing  the  flap,  is 
at  once  covered  with  Thiersch  skin 
grafts. 

Nelaton's  Operation. — This  procedure  is  practically  the  same  as  vonLangen- 
beck's.  The  flap  is  taken  from  the  cheek,  but  has  no  cartilaginous  support 
(Fig.  25). 

Von  Hacker's  Operation  (9). — This  method  (Fig.  26)  modifies  the  von 
Langenbeck  technic  by  lining  the  flap  transplanted  from  the  healthy  side  of 
the  nose  with  the  skin  of  the  cheek.  Von  Hacker  first  cuts  a  quadrilateral  skin 
flap  from  the  cheek  on  the  defective  side  and  turns  it  so  that  the  skin  side 


Fio.     24. — VON     LANGENBECK'S    OPERATION, 
SHOWING  SHAPE  AND  POSITION  or  FLAP. 
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FIG.    25. —  NELATON'S    OPERATION,  SHOWING 
SHAPE,  POSITION  AND  SUTURE  OF  FLAP. 


is  toward  the  inside  of  the  nose,  thus  partially  closing  the  defect.  Over  this 
raw  area  he  transplants  a  flap  of  skin  taken  from  the  healthy  side  of  the  nose, 
according  to  the  von  Langenbeck  technic. 

Carl  Beck's  Operation  (4).— This  method  was  used  on  a  patient  who  had  a 
recurrent  epithelioma  of  the  nose,  and  on  whom  several  rhinoplastic  operations 

had  been  already  performed.  In  the 
previous  operations,  the  cheek,  forehead 
and  arm  had  been  used. 

A  triangular  flap  was  cut  from  the 
lower  lip  and  rotated  into  the  defect, 
using  the  angle  of  the  mouth  for  the 
bridge.  The  lip  wound  was  closed  with 
sutures. 

Several  secondary  cosmetic  opera- 
tions were  performed,  and  the  result 
was  most  satisfactory. 

Fritz  Koenig's  Operation  (19) . — This 
author  maintains  that  a  piece  of  tissue, 
to  be  of  any  value  in  the  wall  of  the 
nose,  must  have  epithelium  on  both 
sides.  He  excises  a  piece  of  the  concha 
of  the  ear  and  makes  a  free  transplant  into  the  defective  area  of  the  also.  Lexer 
has  used  this  method  and  advises  the  addition  of  a  large  skin  flap,  so  that  there 
will  be  a  large  area  of  coaptation. 

Tunis's  Operation  (34). — In  a  case  described  by  this  author,  the  skin  of  the 
finger  was  used  to  overcome  the  loss  of  an  ala.  The  phalanges  and  tendons 
were  removed  through 
an  anterior  incision,  and 
the  nail  cut  away.  The 
edges  of  the  defect  were 
then  freshened,  and  the 
skin  of  the  finger  su- 
tured to  the  nose.  At  the 
end  of  3  weeks,  the  stump 
of  the  finger  was  ampu- 
tated. The  result  was 
good. 

Denonvillier's  Method  (Fig.  27). — A  triangular  flap  is  cut  with  its  base 
along  the  margin  of  the  defect  and  with  its  pedicle  at  the  tip  of  the  nose  on 
the  farther  side.  The  loosened  flap  is  slipped  downward  so  that  its  base  be- 
comes the  free  margin  of  the  new  nasal  wing.  This  base  is  fixed  by  sutures  to 
the  lateral  edges  of  the  defect,  which  have  been  previously  freshened.  The  raw 
area  from  which  the  flap  is  taken  may  be  allowed  to  heal  by  granulation,  or 
covered  at  once  with  skin  grafts. 


FIG.  26. — VON  HACKER'S  OPERATION,  SHOWING  SHAPE,  POSITION 
AND  SUTURE  OF  FLAP. 
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FIG.  27. — DENONVILLIER'S  OPERATION,  SHOWING 
SHAPE,  POSITION  AND  SUTURE  OF  1 


Joseph's  Operation  for  the  Repair  of  Broad  Defects  of  the  Nasal  Ala.— 

tical  incision  is  made  along  the  mesial  inn r- in  ..f  tin-  defect,  parallel  t..  tin-  mi<l- 
dle  line,  through  the  entire  thick- 
ness of  the  lateral  wall.  The 
length  of  this  incision  must  be 
equal  to  about  %  of  the  entire 
length  of  the  nose.  Another  in- 
cision is  made  upward  from  the 
pyriform  fossa,  leaving  a  pedicle 
at  that  point  which  meets  the  first 
one  at  the  level  of  the  orbital  mar- 
gin. The  flap  thus  formed  is  low- 
ered into  the  defect  and  fastened 
into  position  by  sutures.  The  mar- 
gins of  the  wound,  made  by  the 
removal  of  the  flap,  are  stitched 
together. 

Joseph's  Method  with  Trans- 
plantation of  Non-pedunculated 
Skin  Flaps  Taken  from  the  Nose 
(16). — In  this  procedure  the  de- 
fect of  one  nasal  ala  is  replaced  by  a  completely  detached  piece  from  the  other 
undamaged  ala.  The  steps  of  the  operation  are  as  follows:  One  blade  of  a 
pair  of  strong,  curved  scissors  is  introduced  into  the  nostril  of  the  normal  side ; 
the  other  blade  is  placed  exactly  upon  the  nasolabial  fold; 
and  the  ala  is  detached  from  the  cheek  with  1  cut  of  the 
scissors.  A  second  cut  is  then  made  with  the  scissors  thron«:li 
the  entire  thickness  of  the  ala,  about  5  mm.  from  the  first 
incision,  parallel  with  it  for  about  %  of  its  length,  then 
gradually  approaching  the  first  incision  and  meeting  it  at  its 
highest  point.  A  curved  segment  is  thus  entirely  excised 
from  the  normal  ala,  and  is  immediately  transplanted  into 
the  freshened  edges  of  the  defect.  The  transplant  must  be 
carefully  sutured,  and  any  overstretching  of  the  parts  must 
be  avoided.  Finally,  the  area  where  the  flap  has  been  re- 
moved is  closed  by  sutures.  Joseph  maintains  that,  when 
the  operation  has  been  properly  performed,  no  mutilation 
need  be  feared  at  the  site  of  the  removal  of  the  transplant. 
This  method  is  especially  recommended  in  horo  the 

defect  of  the  ala  is  not  very  wide,  and  where  the  tip  of  the  nose  is  somewhat 
protuberant.  The  tip  of  the  nose  is  usually  retracted  as  a  result  of  the  operation. 
Bryant's  Method. — Bryant  describes  what  he  calls  a  jumping  flap  for  a 
defect  in  the  ala  (Fig.  28).  The  flap  is  made  1*4  times  as  largo  as  the  defect, 
otherwise  when  contraction  of  the  scar  takes  place  the  nose  may  be  deviated. 


FIG.  28. — BRYANT'S 
OPERATION,  SHOW- 
ING JUMPING  FLAP 
METHOD. 
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To  stiffen  a  newly  formed  ala  or  lateral  wall  and  prevent  it  from  collapsing 
with  each  inspiration,  a  piece  of  costal  cartilage  may  be  transplanted  into  the 
tissue  used  for  making  the  wing  of  the  nose,  in  the  manner  described  in  pro- 
cedures for  total  rhinoplastics.  In  the  same  way,  when  the  defect  is  large, 
material  for  its  repair  may  be  taken  from  the  forehead  or  arm. 

RESTORATION  OF   NASAL   SEPTUM 

The  dorsum  of  the  nose  may  be  used  for  the  formation  of  a  new  septum. 
A  narrow,  oblong  rectangular  flap  is  excised,  including  some  cartilage,  to 
strengthen  the  septum,  extending  from  near  the  tip  of  the  nose  to  the  nasal 
bones,  and  having  its  pedicle  at  its  upper  end.  Through  the  split  thus  formed 
the  edge  of  the  defective  septum  is  freshened,  and  the  flap  is  turned  edgewise 
into  the  gap  and  sutured  to  it.  The  3  edges,  the  lateral  edge  of  the  flap  and  the 
edges  of  the  wound,  are  then  sutured  together. 

A  flap  from  the  floor  of  the  nasal  cavity,  consisting  of  mucous  membrane, 
periosteum  and  bone,  has  been  utilized  for  the  formation  of  a  new  septum  by 
Tillmanns  and  by  Hahn. 


RESTORATION   OF   THE    COLUMNA 

Roe's  Operation  (28). — Koe  and  Lexer  use  the  mucous  and  submucous 
structures  on  the  under  side  of  the  lip,  bringing  them  through  a  perforation 
at  the  base  of  the  columnse.  Roe,  after  pushing  the  flap  through  the  opening, 
folds  it  on  itself  and  sutures  the  raw  surfaces  to  each  other,  leaving  2  mucous 
membrane  surfaces  for  the  new  columnse.  The  original  tip  of  the  flap  is  then 
sutured  to  the  remnants  of  the  old  columnar,  and  its  new  upper  side  is  sutured 
to  the  remnants  of  the  septum,  thus  reconstructing  a  columna  and  septum. 

This  operation  causes  less  deformity  and  avoids  more  disadvantages  than 
most  of  the  other  operations. 

Dieffenbach's  Operation.— This  method  makes  use  of  a  lateral  flap  from  the 
lip.  Two  horizontal  incisions  go  through  the  entire  thickness  of  the  lip.  The 
flap  thus  formed  has  its  pedicle  lying  obliquely  under  1  nostril,  and  is  turned 
and  sutured  with  its  free  end  to  the  tip  of  the  nose.  The  wound  in  the  lip  is 
drawn  together  with  sutures.  The  objections  to  this  procedure  are  twofold: 
The  hairy  surface  of  the  flap  gives  much  annoyance,  and  the  lip  is  apt  to  be 
drawn  <>ut  of  its  normal  position  on  the  wounded  side. 

A  v,i nation  of  this  operation,  which  Dieffenbach  also  cites,  is  the  use  of  a 
flap  cut  through  all  the  thicknesses  of  the  lip  vertically,  and  immediately  under 
the  mlnnina,  with  its  pedicle  at  the  base  of  the  columna.  This  is  turned  up- 
ward with  the  skin  surface  interior  and  the  mucous  membrane  exterior.  This 
also  has  the  disadvantage  of  no  end  of  annoyance  from  the  hairy  surface. 

McGraw's  Operation  (23).— The  last  phalanx  of  the  little  finger  is  grafted 
to  form  the  columna. 
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FIRST  STEP.— The  nail  and  matrix  an  removed.  Two  longitudinal  in- 
cisions, 1  on  the  dorsal  and  1  mi  th«  palmar  surface  of  tin-  ire  made, 
extending  from  the  tip  of  the  linger  t,,  tin-  distal  end  :.halanx. 

SECOND  STEP.— The  second   phalanx  and  th.-  di-tal  •  •:  rti   pha- 

lanx are  removed.     The  digital  arl< -rie-  must  n-.t  he  injured. 

THIRD  STEP. — The  inner  surface  of  the  tip  nt'  tin-  nnse  is  freshened  and 
the  freshened  tip  of  the  linger  is  sutured  to  it.  Tin  or  the  nasal  >pine 

of  the  superior  maxilla  is  freshened,  and  the  ha>e  of  the  la>t  phalanx  i 
to  this  denuded  surface.     Splints  are  arranged   i"  Leep  the  head  and  arm   in 
position/ 

FOURTH  STEP.— At  the  end  of  30  days  the  tinker  is  amputate,!. 

The  second  phalanx  and  the  distal  end  of  the  tirst  wen  removed  in  order 
that  the  bridge  which  connected  the  grafted  tis.-i  ild  be  pliable  and  so 

protect  the  new  wounds  against  any  sudden  movement-. 

Von  Langenbeck  uses  a  skin  flap  from  the  lip. 

Hueter  uses  the  skin  from  the  nose  itself  and  rotates  it  into  the  defect. 


RESTORATION   OF    THE    TIP   OF   THE    NOSE 

Wolff's  Operation  for  the  Repair  of  the  Tip. — A  tonirne  -haped  skin  and 
bone  flap  is  formed  from  the  upper  part  of  the  nose,  having  an  inferior  base. 
Under  the  flap  the  nose  is  divided  into  2  halves  by  2  tran-ver-e  im-isinns,  and 
the  lower  half,  with  the  tongue-shaped  skin  and  bone  flap,  is  drawn  down.  The 
wound  on  the  dorsum  of  the  nose  is  united,  and  the  apex  of  the  flap  fills  the 
lower  portion  of  the  wound.  A  new  tip  is  thus  provided  for  the  nose,  without 
the  formation  of  scars  on  the  forehead  or  the  cheek. 

Kolle's  Method. — Kolle  has  obtained  excellent  results  by  making  use  of  a 
flap  from  the  forearm,  on  the  inner  side,  just  above  the  wrist,  and  grafted  ac- 
cording to  the  Italian  method.  About  the  twelfth  day  the  tlap  may  be  sepa- 
rated from  the  arm.  At  a  later  operation,  when  the  free  margin  has  healed, 
he  forms  the  subseptum  and  sutures  it  to  the  stump,  if  any,  or  to  a  wound 
made  to  receive  it. 

For  the  restoration  of  a  small  defect  in  the  tip  of  the  nose,  a  flap  without  a 
pedicle  may  be  taken  from  the  ear  (Koenig-Lexer). 


CORRECTIVE    NASAL    PLASTICS 

In  contradistinction  to  the  reparative  and  reconstructive  operations  upon 
the  nose,  corrective  nasal  plastics  are  applicable  to  noses  which,  witliout  being 
actually  defective,  are  a  disfigurement  and  a  constant  source  of  annoyance  be- 
cause of  their  large  size,  unnatural  position  or  unusual  shape.  As  :'•  different 
ways  for  improvement  are  possible,  the  corn-dive  procedures  may  be  divided 
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into  3  corresponding  divisions.     Joseph  proposes  Greek  designations  for  these 
corrective  nose  plastics,  or  rhinoplastics. 

1.  Rhinomiosis,  the  reduction  of  the  nose  in   cases  of  hypertrophy   or 
rhinomegaly. 

2.  Rhinothosis,  the  correction  of  the  direction   (obliquity)   of  the  carti- 
laginous or  bony  nose. 

3.  Rhinometathesis,  the  transposition  of  nasal  constituents  for  the  correc 
tion  of  such  nasal  defects  as  saddle  nose. 

Intranasal  correction  of  deformities  of  the  nose  has  yielded  favorable  re- 
sults at  the  hands  of  Joseph  in  Germany,  and  Molinie  in  France.  Ffee  access 
can  be  had  to  the  entire  bony  framework  of  the  nose  without  an  external  cica- 
trix.  Moderate  concavities  of  the  dorsum  of  the  nose  are  advantageously 
treated  with  paraffin  injections.  In  more  pronounced  cases  of  saddle  nose, 
protheses  are  required  or  transplantations  of  cartilage  and  bone.  Aluminum, 
on  account  of  its  flexibility,  can  be  readily  shaped  into  the  desired  forms  and 
dimensions.  In  the  case  of  a  man  20  years  of  age,  a  traumatic  saddle  nose, 
which  had  existed  since  infancy,  was  recently  cured  by  Garrel  and  Gignoux  by 
the  insertion  of  a  new  nasal  dorsum  made  from  a  spur  of  the  septum,  which  was 
chiseled  off  and  transferred  through  another  intranasal  incision  into  its  new 
locality  (8). 

RHINOMIOSIS 

As  examples  of  rhinomiosis  and  rhinothosis,  the  descriptions  of  the  2  fol- 
lowing cases  by  Joseph  (14)  may  be  taken. 

Technic. — He  divides  his  procedure  into  3  steps: 

FIKST  STEP.— The  skin  and  cartilages  which  will  be  superfluous  for  the 
new  nose  are  removed,  thereby  making  the  opening  of  the  nares  smaller. 

SECOND  STEP. — All  superfluous  bony  and  cartilaginous  portions  of  the  nose 
are  removed. 

THIBD  STEP. — The  nasal  septum  is  shortened  in  order  to  raise  the  tip  of 
the  nose. 

RHINOTHOSIS 

Technic. — FIKST  STEP.— From  the  middle  of  the  root  of  the  nose  2  in- 
cisions are  made  forming  an  inverted  V.  In  the  upper  portion  the  cuts  go  down 
to  the  bone,  but  in  the  lower  portion  they  go  through  the  entire  thickness  of  the 
nose. 

At  the  tip  of  the  nose,  iy2  cm.  from  the  center,  2  other  incisions  are  made, 
forming  another  inverted  V  within  the  first  one,  with  its  apex  at  a  point  on  the 
middle  line  V>  cm.  below  the  apex  of  the  first. 

SECOND  STEP.— The  skin  in  this  area  is  removed  and  as  much  bone,  sep^ 
tiim  ;m,l  cartilage  are  chiseled  away  as  is  necessary  to  make  a  straight  nose. 

THIRD  STEP.— A  wedge-shaped  piece  from  the  cartilaginous  and  mem- 
branous septum  is  removed  so  as  to  raise  the  point  of  the  nose. 
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FOURTH  STEP.— Tin-  wuimd  in  the  septum  U  sutured.  'I'd,-  ..Lin  A-.und  is 
then  sutured,  which  results  in  an  invei  t.  d  \  -haped  scar. 

EHINOMETATHESIS 

Some  of  the  various  procedures  for  the  r«,m-rtion  of  naddk*  nose  follow: 

MECHANICAL  AIMM.IANCES 

Weir,  in  10  cases,  made  use  of  an  aluminum  tripod,  free  in  the  n;i-al  «-a\  it\ . 
One  end  of  the  tripod  is  placed  against  the  frontal  hone,  the  other  2  arc  placed 
against  the  superior  maxilla. 

The  objections,  however,  to  mechanical  appliances,  is  that  they  frequently 
cause  ulcerations  and  necrosis  of  the  bones  from  pressure. 

OPERATIVE  PROCEDURES 

Operative  procedures  are  four-fold:  The  French  method — cheek  flaps; 
the  Indian  Method — forehead  flaps;  the  finger  method  ;  transplantation  of  bono 
or  cartilage. 

Robert's  Operation   (27). — This  is  a  good  example  of  the  cheek-flap  ni'-th-.d. 

FIRST  STEP. — A  transverse  incision  is  made  in  the  groove  at  the  bottom  of 
the  sunken  region.  This  cut  should  go  through  the  nasal  cavity  so  as  t< 


FIG.  29. — ROBERT'S  OPERATION,  SHOWING 
TRANSVERSE  INCISION  IN  THE 
GROOVE  AT  THE  BOTTOM  OF  THE 
SUNKEN  REGION  AND  THE  TIP  OP 
THE  NOSE  DRAWN  DOWN,  ALSO  OUT- 
LINE OF  FLAPS  TO  BE  TAKEN  FROM 
THE  CHEEKS. 


FIG.  30. — ROBERT'S  OPERATION,  SHOWING 
THE  FLAPS  TAKEN  FROM  THE  CHEEKS 
TURNED    INWARD    AND    UPWARD 
SUTURED    WITH  THE    SKIN     SURFACE 
TOWARD  THE  NASAL  CAVITY. 


lower  portion  of  the  nose,  allowing  the  operator  to  draw  down  the  tip  and  the 
ala3  so  that  the  tip  is  restored  to  its  normal  position  and  the  nostrils  are  again 
in  a  horizontal  plane. 
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SECOND  STEP  (Fig.  29). — A  flap  is  taken  from  each  cheek  near  the 
nasolabial  fold  and  turned  upward  and  inward  and  sutured  together  in 
such  a  manner  that  the  skin  surfaces  are  toward  the  nasal  cavity. 

(Fig.  30.) 

THIED  STEP. — After  union  is  established,  any  irregularities  at  the  base  are 

corrected  by  incision  and  suture. 

FOURTH  STEP  (Fig.  31). — An  inverted  V-shaped  incision  is  made,  begin- 
n ing  in  the  middle  of  the  forehead,  v/ith  its  legs  running  downward  and  out- 
xvnrd  to  points  on  the  cheeks  below  the  eyes.  Just  above  the  united  flaps,  a 
similar  inverted  V  is  made.  In  this  second  incision  the  legs  are  more  widely 


FIG.  31. — ROBERT'S  OPERATION.  Fourth 
step,  showing  formation  of  two  flaps 
by  V-shaped  incisions. 


FIG.  32.  —  ROBERT'S  OPERATION.  Fifth 
step,  flaps  freed  and  rotated  over  cica- 
tricial  surface  of  reversed  cheek  flaps 
and  sutured. 


separated  than  the  first.  The  apices  of  these  2  inverted  V's  are  connected  by  a 
vertical  incision,  thus  forming  2  flaps. 

FIFTH  STEP  (Fig.  32).— These  2  flaps  are  then  dissected  from  the  under- 
lying tissue  and  turned  downward  over  the  cicatricial  surface  of  the  reversed 
cheek  flaps,  so  that  the  upper  angle  of  the  right  flap  is  sutured  to  the  base  of  the 
left  ala,  and  that  of  the  left  flap  is  turned  across  the  nose  so  as  to  reach  a  point 
near  the  inner  canthus  of  the  right  eye. 

The  frontal  wound  is  sutured  in  a  vertical  direction. 

Koenig's  Operation. — This  is  an  example  of  the  Indian  method  for  the  cor- 
rection of  saddle  nose. 

FIRST  STEP. — A  transverse  incision  is  made  at  the  deepest  portion  of  the 
depression,  making  the  soft  parts  of  the  nose  movable,  and  the  tip  is  brought 
down  to  its  normal  position. 

SECOND  STEP.— An  osteoperiosteal  skin  flap,  with  its  base  at  the  root  of 
the  nose,  is  made  in  the  forehead.  The  flap  should  be  about  6  or  7  cm.  long 
and  1  cm.  wide.  The  bone  is.  fractured  at  the  root  of  the  nose,  and  the  flap  is 
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made  to 


Fio.  33. — ISRAEL'S  OPERATION,  TKANSVERKK 
l>ri<lu»  of   now. 

I;  I'  1 1  .  ii-:il-l*m«-  Hup  removed  from  fore- 
h«  ad  .-UK!  iiirii.-.i  down  covered  by  C,  skin 
from  forch»-:ul. 


turned  down  and  sutured  to  the  lower  e<l«ie  of  the  opening.     The  raw  su: 

of  the  flap  is  facing  outward. 

THIRD  STEP.— A   forehead  skin   flap,    hy    the    Indian    m<-thod, 

cover  the  raw  surface  and  the  apertures  on  hoth  n< 

FOURTH  STEP.— The  forehead  am  in;,    be  oov<  red  bj  'I  biersofc  -rafts. 
Israel's     Modification     of      Koenig's 

Method    (12). — This  is  an  improvement 

on  the  original   method,  the  skin  fun- 

head  flap  being  done  away  with,  whieli 

reduces  the  scarring  very  much. 

FIRST  STEP. — The  cartilages  and  tip 

of  the  nose  are  separated  from  the  sunken 

bridge   by   a  transverse   incision    which 

allows    the    tip    to    resume    its    normal 

position. 

SECOND  STEP.— A     s  k  i  n-periosteal- 

bone  flap  is  formed  from  the  forehead.     Israel  uses  a  much  narrower  strip  of 

bone — 4  mm.  wide — beginning,  as  in  Koenig's  operation,  at  the  root  of  the 

nose  and  extending  upward  as  far  as  necessary.    The  skin  <•}'  tin-  flap,  however, 

should  be  about  2  em.  \vi.le,  so  that  it 
will  almost  entirely  cover  the  raw  sur- 
face of  the  strip  of  bone  when  the  edges 
are  brought  together  and  sutured. 
When  the  skin  has  been  sutured  around 
the  raw  surface  of  the  bone,  the  bone  is 
fractured  at  the  root  of  the  nose,  the 
flap  is  turned  down  (Fig.  33),  skin 
side  to  nasal  cavity,  and  its  end  is  su- 
tured to  the  tip. 
THIRD  STEP. — After  several  weeks  the  scar  which  has  formed  on  the  now 

anterior  surface  of  the  flap  has  contracted,  and  it  is  time  for  the  second  opera- 
tion. 

With  a  blunt  hook,  the  transplanted 

bridge  is  drawn  aside,  and  an  incision 

is  made  in  the  median  line  through  the 

skin  of  the  old  bridge  of  the  nose;  fol- 
lowing this,  2  transverse  incisions,  1  at 

the  upper  and  1  at  the  lower  end  of  this 

vertical  incision,  are  so  made  as  to  form 

2  quadrilateral  flaps.     (Fig.  34.) 

FOURTH  STEP. — The  blunt  hook  is 

removed,     allowing     the     transplanted 

bridge  to  resume  its  normal  position.     A  median  incision  is  made  down  the 

center  of  the  anterior  surface  of  the  transplant  and  at  each  end  of  this  median 


FIG.  34. — ISRAEL'S  OPERATION,  TRANSVERSE 
SECTION,  SHOWING  ON  LEFT  SIDE  FORMATION 
OF  FLAPS  FROM  TRANSPLANT  AND  BRIDGE 
OF  NOSE. 


Fio.  35.  —  ISRAEL'S    OPERATION,    TRANSVERSE 
SECTION,    SH«>\MN  N     or 

FLAPS    K  IN    A    SKIN    LINING  TO 

THE   N 
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incision  a  transverse  incision  is  made  and  2  flaps  so  formed  are  reflected 
laterally.  The  2  quadrilateral  flaps  are  now  brought  over  them  so  that  their 
raw  surfaces  are  in  contact.  (Fig.  35.) 

FIFTH  STEP. — Several  weeks  after  the  second  operation,  a  third  one  is  per- 
formed. The  base  of  the  pedicle  is  cut  through  at  the  root  of  the  nose  and 
deeply  inserted,  so  that  a  natural  sinking  between  the  glabella  and  root  of  the 
nose  is  established. 

Finney's  Operation. — Finney's  operation  has  brought  forward  the  finger 

method  (7). 

FIRST  STEP. — He  removes  the  nail  and  matrix  completely  from  the  finger 
which  is  to  be  used,  and  denudes  the  dorsum  of  the  finger  up  to  the  distal  end 
of  the  first  phalanx  and  also  the  entire  circumference  of  the  tip  of  the  finger  for 
a  distance  of  about  1  cm.  and  stops  all  bleeding. 

SECOND  STEP. — In  order  to  have  no  external  scar,  through  an  incision 
inside  the  nose,  he  carefully  frees  the  skin  over  the  defect  from  its  attachments 
below.  He  then  stretches  the  skin  of  the  nose  with  a  blunt  instrument  from 
the  inside,  in  order  to  give  as  much  room  as  possible  for  the  new  nose,  and  de- 
taches the  inner  surface  of  the  skin  covering  the  nose,  along  its  middle  line,  to 
a  point  well  above  the  end  of  the  bony  structure. 

THIRD  STEP. — He  next  inserts  the  finger  in  the  nose  in  such  a  manner  that 
the  tip  comes  in  contact  with  the  nasal  process  of  the  frontal  bone,  and  the  raw 
dorsal  surface  comes  in  contact  with  the  denuded  skin  of  the  nose. 

The  finger  is  held  in  place  with  sutures,  and  plaster-of-Paris  bandages  are 
attached  for  2  weeks. 

FOURTH  STEP. — He  then  disarticulates  the  metacarpophalangeal  joint, 
and  a  few  days  later  amputates  the  finger. 

FIFTH  STEP. — One  week  after  this,  he  splits  the  tissues  over  the  nasal  spine 
of  the  superior  maxilla,  flexes  the  first  phalanx  to  a  right  angle,  and  inserts  the 
free  end  into  the  opening,  thus  forming  the  columna  with  the  first  phalanx. 

SIXTH  STEP. — Any  minor  operations  necessary  for  cosmetic  results  he  does 
under  cocain. 

Von  Mangold's  Operation  (25). — This  may  be  taken  as  a  good  example  of 
the  transplantation  of  cartilages. 

FIRST  STEP. — A  transverse  incision  is  made  through  the  skin  across 
the  middle  line  at  the  glabella.  With  a  Kocher  sound  or  a  blunt  dissector,  a 
tunnel  is  burrowed  under  the  skin  in  the  middle  line  down  to  the  point  of  the 
nose. 

SECOND  STEP.— A  piece  of  cartilage  is  excised  from  the  seventh  or  eighth 
rib,  4  or  5  cm.  long,  1  cm.  wide,  and  %  cm.  thick. 

-This  piece  of  cartilage  is  pushed  into  the  prepared  tunnel 
with  the  side  which  has  no  perichondrium  on  it  toward  the  skin,  and  the  wound 
is  closed  over  the  glabella. 

FOURTH  STEP.— Through  a  small  incision  in  each  ala,  a  small  tunnel  is 
burrowed,  and  a  thin  piece  of  cartilage  transplanted  into  each  tunnel. 
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SECOND  OPERATION.-  Five  months  later  an  inverted  V  incision  is  made, 
the  apex  at  tin-  glahella  and  the  l<-»s  ninnin^  down  ea«-h  .-ide  of  tin-  n«.se.  The 
soft  structures  of  the  nose  are  detached  from  the  IM.IH-.  and  with  them  the  car- 
tilaginous graft.  The  upper  end  of  the  graft  is  sunk  int.,  the  an-  n  the 
glabella  and  the  root  of  the  nose,  thus  restoring  the  normal  depression. 

Israel's  Operation. — Israel  (  i:{j,  in  a  manner  >ome\vhat  similar  t«.  the  fore- 
going operation,  transplants  a  strip  of  tibia  under  the  skin  of  the  nose  to  k« 
straight. 

Carter's  Method. — Carter  uses  a  piece  of  bony  rib,  which  he  in-erts  in  a 
manner  similar  to  von  Mangold,  except  that  he  places  the  upper  end  of  the 
graft  in  a  periosteal  pocket  at  the  nasal  process  of  the  frontal  bone. 

Joseph's  Method  (15). — In  order  to  have  no  outside  wound,  Joseph  trans- 
plants a  piece  of  tibia  into  a  canal  made  through  an  opening  in  the  mucous 
membrane  of  the  nose. 


ARTIFICIAL    NOSES:    PROTHESES 

The  preparation  of  an  artificial  nose  requires  the  making  of  a  plaster  cast 
of  the  face  which  comprises  at  least  a  portion  of  the  forehead,  the  eve-,  th-- 
malar  arches,  and  the  nasal  defect,  including  the  upper  lip,  or,  better,  the  en- 
tire mouth.  From  a  clay  model  of  a  suitable  nose,  the  artificial  organ  is  then 
manufactured  of  rubber,  celluloid,  metal,  porcelain,  or  wax ;  each  of  which  has 
its  advantages  and  disadvantages.  The  mode  of  fixation  is  of  the  greatest  im- 
portance in  the  replacement  of  the  nose,  and  may  be  accomplished  in  one  of  3 
ways:  (1)  Attachment  of  the  prothesis  to  the  frame  of  a  pair  of  spectacles; 
the  simplest  but  not  the  safest  method;  (2)  attachment  of  the  prothesis  in  the 
nostrils;  (3)  attachment  of  the  prothesis  to  a  denture  made  in  the  deeper  parts. 
In  cases  where  the  pathological  process  has  resulted  in  a  communication  be- 
tween the  buccal  and  nasal  cavities,  1  or  all  3  modes  of  fixation  in  combination 
may  be  used,  according  to  the  requirements  of  a  given  case. 

When  the  nasal  septum  is  lost,  as  sometimes  happens  as  the  consequence  of 
neoplasms,  especially  sarcomata,  a  distressing  deformity  results  even  when  the 
external  contours  of  the  nose  are  preserved.  In  these  cases,  a  rubber  support  is 
inserted  into  the  nasal  cavity.  A  cast  of  the  cavity  is  made  by  introducing  one 
of  the  plastic  substances  used  in  dentistry  through  the  nostrils,  and,  from  the 
model  thus  obtained,  a  support  is  prepared  of  the  desired  shape  and  size,  which 
is  hollow,  and  open  in  front  and  behind,  and  supplied  with  a  suitably  modeled 
columna.  After  this  rubber  prothesis  has  been  painted  the  proper  color,  it  is 
introduced  into  the  nasal  cavity,  where  it  is  easily  retained  in  place  by  the 
pressure  of  the  surrounding  soft  parts.  Some  surprisingly  i^xxl  cosmetic 
results  have  been  obtained  by  the  use  of  this  type  of  prothesis,  and  in  cases 
where  the  loss  of  tissue  is  extensive  it  is  much  to  be  preferred  to  any  attempt 

at  operative  restoration. 
14  B 
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OPERATIONS  ON  THE  MAXILLARY  AND   FRONTAL   SINUSES 

In  operations  on  the  sinuses,  the  exact  etiology  and  diagnosis  of  the  extent 
and  character  of  the  inflammation  are  necessary.  Operations  that  can  be  done 
under  local  anesthesia  are  to  be  preferred.  The  purpose  is  to  establish  drain- 
age and  ventilation.  Results  depend  largely  on  after-treatment. 

The  hemorrhage  which  inevitably  occurs  is  always  troublesome,  but  can  be 
controlled  by  light  packing  and  will  usually  stop  within  24  hours. 

Special  instruments  are  required  for  most  of  the  operations  in  this  branch 
of  surgery. 

ANTRUM   OF   HIGHMORE   OR  MAXILLARY   SINUS 

In  treating  empyema  of  the  antrum,  the  following  points  are  of  importance 
to  determine  the  type  of  operation  required  to  establish  free  drainage  and  venti- 
lation : 

1.  Is  the  disease  of  dental  or  of  nasal  origin  ? 

2.  Is  it  acute  or  chronic  ? 

The  answers  to  these  questions  will  determine  which  of  the  2  types  of  en- 
trance it  is  necessary  to  employ :  the  nasal  or  the  extranasal  entrance,  either  by 
way  of  the  alveolar  ridge  or  the  radical  operation,  as  described  by  Canfield- 
Ballenger  or  Cauldwell-Luc. 

When  the  attack  is  acute  and  primary,  if  of  dental  origin,  removal  of  the 
tooth  and  treatment  of  the  trouble  through  the  cavity  with  astringent  irriga- 
tions will  in  most  cases  be  all  that  is  necessary.  When  the  origin  is  nasal,  to 
puncture  the  nasomaxillary  wall  through  the  nose  with  a  trocar,  and  to  follow 
this  with  irrigations,  will  usually  be  effective. 

When  the  inflammation  is  chronic  and  severe,  an  opening  may  be  made  in 
the  nasomaxillary  wall  large  enough  to  insure  its  remaining  open.  But  in  ex- 
treme cases,  and  especially  where  the  presence  of  polypoid  growths  is  suspected, 
it  will  be  necessary  to  perform  one  of  the  radical  operations  hereafter  de- 
scribed. 

NASAL  OPEEATIOIT 

Under  local  anesthesia,  a  large  curved  trocar  is  introduced  into  the  nose. 
The  point  should  be  turned  outward,  touching  the  nasal  wall  of  the  antrum 
under  the  inferior  turbinated  bone,  and  steady  pressure  exerted  on  the  trocar 
until  it  enters  the  antrum.  The  antrum  may  be  irrigated  through  this  open- 
ing, or  it  may  be  necessary  to  enlarge  the  opening  with  a  biting  forceps. 

Part  of  the  inferior  turbinate  may  sometimes  have  to  be  removed  to  allow 
free  drainage. 

Nasal  Operation  of  Vail. — This  operation  has  the  advantage  of  making  a 
large  opening  in  the  naso-antral  wall  by  means  of  the  Vail  saw,  which  is  intro- 
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duced  into  the  nostril  in  the  same  manner  as  a  trocar  and  which  is  so  designed 
as  to  remove  a  circular  or  oval  area. 

The  operation  may  be  divided  into  4  steps : 

FIRST  STEP. — By  means  of  local  application  of  cocain,  the  mucous  mem 
branc  covering  the  naso-antral  wall  and  the  inferior  turbinated  bone  is  com- 
pletely anesthetized. 

SECOND  STEP. — The  anterior  part  of  the  inferior  turbinated  bone  is  re- 
moved with  a  curved  scissors. 

THIRD  STEP.— The  naso-antral  wall  is  punctured  at  a  low  point  with  a  Vail 
perforator. 

FOURTH  STEP.— The  point  of  the  Vail  saw  is  iiitr...lnr..,l  int..  the  punc- 
ture, and  the  oval  opening  is  made.  The  size  of  the  hole  can  be  regulated  by 
the  operator  and  should  be  large  enough  to  allow  for  the  granulations  which 
have  a  tendency  to  close  the  hole. 

The  cavity  of  the  antrum  is  lightly  packed  with  a  strip  ef  gauze,  which  may 
be  removed  in  24  hours. 

The  process  of  repair  is  hastened  and  the  tendency  of  the  hole  to  close  is 
diminished  when  there  is  a  covering  of  mucous  membrane  over  the  inferior 
cut  edge  of  the  bone  and  the  floor  of  the  antrum.  When  such  an  aid  to  recovery 
would  seem  to  be  desirable,  it  must  be  taken  into  consideration  before  the  third 
stage  of  the  operation.  A  flap  is  formed  of  the  mucous  membrane  covering 
the  naso-antral  wall,  just  below  the  inferior  turbinated  bone.  Two  vertical  in- 
cisions are  made  downward  from  the  extremities  of  the  proposed  opening,  and 
the  flap  is  lifted  with  its  periosteum  and  turned  out  of  the  way  until  the  opera- 
tion is  completed,  when  it  is  turned  outward,  covering  the  inferior  raw  bone 
surface  and  the  freshened  floor  of  the  antrum. 

EXTKANASAL  OPERATION 

Alveolar  Route. — This  method  is  only  applicable  to  conditions  which  are 
acute  or  of  positively  dental  origin,  or  to  chronic  cases,  as  a  preliminary  only 
to  a  more  extensive  operation.  The  second  bicuspid  and  first  or  second  molar 
are  in  close  relation  to  the  floor  of  the  sinus.  If  a  tooth  is  suspected  of  beinir  tin1 
etiological  factor,  the  tooth  must  be  removed,  and,  with  a  large  drill,  an  open- 
ing made  upward  into  the  antrum.  The  antrum  is  irrigated  through  this  open- 
ing and  a  tube  inserted  for  drainage. 

Radical  Operation  of  Canfield-Ballenger  (3). — This  operation  has  given  ex- 
cellent results  and  seems  to  fulfill  the  claims  made  for  it  by  Ballenger,  who 
maintains  "that  this  method  of  operation  is  (a)  radical,  inasmuch  as  it  fully 
exposes  the  cavity  of  the  antrum  to  inspection  and  treatment;  (b)  it  is  con- 
servative, as  it  is  attended  by  the  least  possible  destruction  of  physiological 
structures,  particularly  the  inferior  turbinal,  which  is  neither  temporarily  nor 
permanently  resected ;  (c)  furthermore,  the  operation  may  be  done  under  local 
anesthesia,  whereas  other  operations  equally  radical  (and  more  destructive) 
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FIG.  36. — CANFIELD-BALLENGER  OP- 
ERATION, SHOWING  INCISION  IN  NA- 
8O-ANTRAL  ANGLE  DOWN  TO  BONE. 


must  be  done  under  general  anesthesia;   (d)  the  time  required  for  this  opera- 
tion is  much  less  than  that  for  other  radical  operations." 

The  operation  consists  in  the  removal  of  that  portion  of  the  naso-antral  wall 

lying  between  the  attachment  of  the  inferior 
turbinated  body  and  the  floor  of  the  nose,  plus 
that  portion  lying  anteriorly  to  the  anterior  end 
of  the  inferior  turbinated  body  (Fig.  39). 
The  operation  progresses  in  4  steps: 
FIEST  STEP. — The  nasal  mucous  membrane 
is  rendered  anesthetic  by  the  direct  application 
of  cocain.  The  skin  surrounding  the  muco- 
cutaneous  junction  is  anesthetized  by  the  injec- 
tion of  Schleich's  solution,  as  well  as  the  deeper 
parts.  It  is  also  necessary  to  inject  the  perios- 
teum overlying  the  canine  fossa. 

SECOND  STEP. — A  nasal  speculum  is  intro- 
duced and  the  ala  of  the  nose  distended,  expos- 
ing the  naso-antral  wall.  An  incision  is  then 
made,  the  whole  length  of  the  naso-antral  angle, 
down  to  the  bone  (Fig.  36).  With  a  periosteal 
elevator  the  soft  parts  over  the  canine  fossa  are 
lifted.  The  resulting  bleeding  is  easily  controlled  by  pressure. 

THIED  STEP. — With  a  rongeur  forceps  or  a  gouge,  an  opening  is  made  into 
the  antrum  through  the  naso-antral  angle  (Fig.  37).  This  opening,  at  its  pos- 
terior border,  must  be  below  the  inferior  tur- 
binate. 

FOUKTH  STEP. — A  Wagener  forceps  is  used 
to  remove  that  portion  of  the  naso-antral  wall 
lying  between  the  attachment  of  the  inferior 
turbinate  and  the  floor  of  the  nose  and  also  a 
small  area  anterior  to  the  anterior  end  of  the 
inferior  turbinate  (Figs.  38  and  39).  If  this 
opening  does  not  prove  large  enough  to  expose 
the  entire  mucous  membrane,  it  may  be  enlarged 
by  removing  some  of  the  bone  of  the  canine  fossa. 
Unless  the  mucous  membrane  is  found  to  be 
covered  with  masses  of  granulations  or  polypi, 
curettage  should  be  avoided  and  the  condition 
treated  with  astringent  solutions. 

AFTER-TREATMENT.— After  the  operation 
the  cavity  is  packed  lightly  with  sterile  gauze  and  the  dressings  changed  daily. 
After  3  or  4  days,  the  gauze  dressings  may  be  discontinued  and  the  cavity  kept 
clean  by  swabbing  or  spraying  several  times  a  day  with  a  cleansing  or  stimu- 
lating solution. 


FIG.  37. — CANFIELD-BALLENGER  OP- 
ERATION, SHOWING  OPENING  MADE 
INTO  ANTRUM. 
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FlQ.      38. — CANriELD-BALLENOEB      Oi»- 

Mt\  AIM;     REMOVAL,    or 

NABO-ANTKAL  WALL.  I>,  Na*>- 
antral  wall  being  covered  with  the 
Wagener  forceps. 


Radical  Operation,  of  Cauldwell-Luc  i »', ).      Tl  'ion    require-  ;i   - 

anesthesia.  The  sintrum  is  entered  |,y  w;(y  of  the  canine  fossa.  The  cavity 
of  the  nose  is  entered  in  such  a  way  as  to  destroy  a  large  portion  of  the 
naso-antral  wall  including  the  inferior  turhin- 
ated  bone.  It  gives,  however,  excellent  drain- 
age, but  may  be  considered  unn. -.•.-- arily  inn- 
tilating. 

FIRST  STEP. — The  cheek  and  mouth  are 
packed — the  cheek  to  keep  the  saliva  out  of  the 
wnimd,  and  the  mouth  to  keep  the  patient  t'n>m 
swallowing  blood. 

SECOND  STEP. — The  gingivolabial  fold  is 
incised  from  the  second  incisor  to  the  first 
molar,  through  the  mucous  membrane  and 
periosteum.  The  incision  is  made  high  enough 
to  leave  sufficient  mucous  membrane  on  the 
1  unth  side  for  suture. 

THIRD  STEP.— The  periosteum  is  elevated 
above  the  incision. 

FOURTH  STEP. — The  wall  of  the  canine  fossa  is  broken  through  with  a 
gouge,  in  a  backward  and  outward  direction.  This  opening  is  made  large 
enough  to  readily  admit  a  finger. 

FIFTH  STEP. — All  iiranulation 
tissue  in  the  eavity  of  the  aiitruni 
is  curetted  away  and  all  necmtie 
bone. 

SIXTH  STEP.— The  mesial  wall 
of  the  aiitrum  is  curetted  a\\ 
that  the  nasal  eavity  and  antnun 
are  one.  The  ant  ml  wall  is 
scraped  away  until  it  is  at  a  level 
with  the  floor  of  the  nasal  cham- 
ber. A  light  packing  of  gau/.e  is 
put  in  the  aiitrum.  with  one  end 
emerging  from  the  nostril. 

SEVENTH     STEP.— The     1:111-1 
volabial  fold   is  sutured  with  cat- 
gut. 

A  F  T  E  R-TREATMEXT.  —  Fluid 


FIG.  39. — CANFIELD-BALLENGER  OPERATION,  LATERAL 
VIEW,  SHOWING  REMOVAL  OF  NASO-ANTRAL  WALL 
BELOW  THE  ATTACHMENT  OF  THE  INFERIOR  TUR- 
BINATED  BODY.  A,  The  middle  turbinate.  B, 
Line  of  attachment  of  inferior  turbinate  which  is 
left  intact.  C,  Naso-antral  wall  removed  extending 
from  the  floor  of  the  nose  to  the  attachment  of  the 
inferior  turbinate  and  from  the  anterior  to  the  pos- 
terior limits  of  the  antrum. 


diet  is  necessary.      N.I  movement 
of  the  mouth  should  be  allowed, 
in  order  to  insure  perfect  union  of  the  gingivolabial  fold.     The  gauze  may  be 

removed  in  24  hours. 


198 


THE    NOSE    AND    ACCESSOEY    SINUSES 


FRONTAL   SINUS 

Operations  upon  the  frontal  sinus  are  dangerous,  and,  to  insure  safety  and 
good  results,  it  is  essential  to  have  an  accurate  knowledge  of  the  region,  which 
is  only  acquired  by  study  of  specimens  and  dissection. 

No  frontal  sinus  operation  should  be  undertaken  without  the  aid  of  X-ray  photo- 
graphs, because  of  the  enormous  individual  variations  in  the  size  and  shape  and  situa- 


FIG.  40. — HALLE'S  INSTRUMENTS:     GUIDE  AND  PROTECTOR  AND  GRADUATED  HAND-DRILLS. 

tion  of  the  sinuses.    Both  lateral  and  aiiteroposterior  views  are  essential.     Special  in- 
struments are  required. 

The  principal  danger  to  be  guarded  against  is  the  perforation  of  the  internal  plate 
of  the  frontal  bone,  through  which  the  septic  material  in  the  sinus  may  penetrate  to 
the  meninges  and  brain. 

There  are  2  methods  of  entrance :  The  intranasal  operations  and  the  extra- 
nasal. 

The  intranasal  operations  are  somewhat  more  dangerous  than  the  extra- 
nasal,  because  of  the  distance  of  the  operative  field  and  its  smallness ;  and  they 
are  less  effective  because  the  inflammation  subsides  more  slowly  since  the  drain- 
age is  not  as  free.  Their  one  advantage,  however,  is  that  they  do  not  leave  a 
deformity. 
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FIG.  41. — SHOWING  INTRODUCTION  or  PR- 
TOR  AND  DRILL  IN  THE  NASOFRONTAL  CANAL. 


The  extranasal  operations  give  complete  access  to  the  cavity,  allow  the  whole 
inflammatory  area  to  be  seen,  and  facilitate  the  rapid  subsidence  of  the  inflam- 
mation. 

INTBANASAL  OPERATIONS 

Halle's  Method  (35). — Special  instruments  have  been  designs  I  1,\  I  hi  lie  to 
enter  the  frontal  sinus:  a  guide  and  protector  which  he  inserts  into  the  -inns  by 
way  of  the  frontonasal  canal,  and  grad- 
uated hand-drills  (Fig.  40).  The  op- 
eration is  done  in  3  steps. 

FIRST  STEP. — Local  anesthesia  is 
produced  by  cocain  and  adrenalin.  A 
probe  is  introduced  into  the  sinus  by 
way  of  the  frontonasal  canal,  for  the  dis- 
tance of  about  3  cm.  The  protector  is 
introduced  beside  the  probe  for  the  same 
distance,  and  the  probe  is  removed. 

SECOND  STEP. — Just  anterior  to 
the  protector,  which  is  designed  to  pre- 
vent injury  to  the  internal  plate  of 
the  frontal  bone,  the  small  pointed  drill 
is  introduced,  and  a  hole  made  large 

enough  for  the  end  of  the  small,  blunt  drill  to  engage;  with  it  the  size  of  the 
hole  is  enlarged  to  take  the  next  instrument  (Fig.  41). 

THIRD  STEP. — The  blunt  drill 
7  is  to  be  withdrawn  and  the  pear- 
shaped  drill  inserted.  With  this,  all 
of  the  floor  of  the  sinus  is  demol- 
ished, thus  exposing  the  mucous 
membrane  for  treatment. 

AFTER-TREATMENT. — The  sinus 
is  packed  with  iodoform  gauze,  and 
granulations  are  retarded  with  silver 
nitrate. 

Good's  Method. — This  operation 
is  similar  to  the  foregoing  one  ex- 
cept that,  instead  of  drills,  a  spe- 
cially constructed  rasp  is  used  to  de- 
molish the  floor  of  the  sinus  and  a 
portion  of  the  middle  turbinate  bone 
is  removed  (36). 

FIRST  STEP. — The  anterior  portion  of  the  middle  turbinate  bone  is  re- 
moved. 

SECOND  STEP. — A  frontal  sinus  probe  is  introduced  into  the  frontonasal 


FIG.  42. — FLOOR  OF  THE  FRONTAL  SINUS  REMOVED. 
1,  Frontal  sinus;  2,  nasofrontal  canal;  3,  buila 
ethmoid;  4,  hiatus  semiluna;  5,  proc.  nucin;  6, 
concha  interior;  7,  tuba  eust.;  8,  meat,  sup.; 
9,  sinus  sphygmoid;  10,  rec.  sphano.  ethmoid;  11, 
cell,  ethmoid,  post. ;  12,  cell,  ethmoid,  ant. 
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canal  and  then  the  guard  and  guide  (Fig.  43),  which  has  the  same  curve  as 
the  probe  and  is  introduced  in  the  same  way.    If  there  is  the  slightest  reason  to 

believe  that  the  probe  has 
not  entered  the  sinus  by 
way  of  the  frontonasal 
canal,  this  operation 

^ should  be  abandoned. 

THIRD  S  T  E  P.— T  h  e 

[|  IL^, frontal  sinus  rasp  is  intro- 

duced into  the  frontonasal 
canal  in  front  of  the 


FIG.  43. — GOOD'S  OPERATION:  RASP  AND  GUARD. 


guard.  Some  force  is  necessary,  as  a  few  ethmoidal  cells  along  the  side  of  the 
canal  must  be  crushed,  as  well  as  some  of  the  floor  of  the  frontal  sinus.  In  this 
way  the  communication  is  enlarged  between  the  nose  and  the  frontal  sinus. 

AFTER-TREATMENT. — The  frontal  sinus  is  irrigated  with  boric  acid  solu- 
tion and  exuberant  granulations  kept  down. 

EXTRANASAL  OPERATIONS 

Killian's  Method  (17). — Up  to  the  present  time  this  operation  has  given  by 
far  the  best  results.  Briefly  it  consists  in  removing  the  anterior  wall  and  the  floor  of 
the  sinus  through  an  opening  following  the  outline  of  the  eyebrow  and  curving  around 
the  side  of  the  nose.  Its  one  disadvantage  is  the  deformity  it  causes,  which  is  espe- 
cially marked  in  cases  with  either  very  high  or  very  deep  sinuses.  The  procedure  is 
divided  into  11  steps. 

Before  beginning  the  operation,  Killian  gives  the  patient  a  small  dose  of 
morphin  subcutaneously.  The  eyebrow  is  shaved,  and  the  nasal  cavity  is 
flushed.  In  case  the  maxillary  sinus  is 
discharging  pus,  it  is  also  flushed. 

FIRST  STEP. — The  skin  incision  be- 
gins at  the  temporal  end  of  the  eyebrow, 
is  carried  through  the  eyebrow  to  its  in- 
ner end,  curves  downward  and  outward 
at  the  root  of  the  nose,  and  ends  some- 
what below  the  base  of  the  nasal  bone. 
The  incision  goes  down  to  the  periosteum, 
and  the  operator  guards  the  supraorbital 
margin  with  his  left  hand.  (Fig.  44.) 

SECOND  STEP.— Two  incisions  of 
periosteum  are  made.  The  upper  one 
is  5  to  G  mm.  above  and  parallel  to  the 
supra-orbital  margin,  its  inner  end 
reaching  the  suture  line  at  the  upper  end 
of  the  nasal  bones.  The  lower  one  corresponds  with  the  skin  incision,  running 
along  the  supra-orbital  margin. 


FIG.  44. — KILLIAN'S  OPERATION,  SHOWING  SKIN 
INCISIONS. 
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THIRD  STEP:  OPENING  OF  TIM-  SI  MS.  .\l..,vi-  tin-  uj.p.-r  iiM-isinn.  the 
periosteum  is  scraped  away,  leaving  untouched  tin-  j,« M MMSHMIMI  <>\er  the  super- 
ciliary ridge.  The  bone  is  carefully  removed  with  a  chisel,  avnidini:  injury  t. . 


FIG.  45. — KILLIAN'S  OPERATION,  SHOWING  RE- 
MOVAL OF  THE  ANTERIOR  WALL  OF  THE 
FRONTAL  SINUS  LEAVING  THE  SUPRA-OR- 
BITAL RIDGE  INTACT. 


FIG.  46. — KILLIAN'S  OPERATION,  SH< 

REMOVAL  OF  THE  FLOOR  OF  THE  FRONTAL 

SlNUS  AND  THE  FRONTAL  PROCESS  OF  THB 

SUPERIOR  MAXILLA. 


the  mucous  membrane.     A  probe  is  carefully  passed  between  the  mucous  mem 
brane  and  the  bone,  to  measure  the  extent  of  the  sinus.    The  mucous  membrane 
must  not  be  injured. 

FOURTH  STEP:  EXCISION  OF  THE  FRONT  WALL.— After  detenu ininir  tlr- 
extent  of  the  sinus,  the  bone  along  the  upper  periosteal  incision  is  chiseled 
away  down  to  the  mucous  membrane 
and  to  the  outer  extremity  of  the 
sinus.  The  anterior  wall  of  the 
sinus  is  then  chiseled  or  bitten  away 
with  a  bone  forceps,  avoiding  the 
supraorbital  ridge.  (Fig.  45.) 

FIFTH  STEP. — All  granulations 
and  the  mucous  membrane  are  thor- 
oughly curetted  away,  breaking 
down  any  bony  septa  which  may 
occur  and  getting  a  free  and  thor- 
ough inspection  of  the  sinus. 

SIXTH  STEP:  REMOVAL  OF  THE 
FLOOR  OF  THE  SINUS. — Standing 
behind  the  patient,  with  a  good  light 
shining  into  the  wound,  an  opening 

is  made  with  a  chisel  in  the  floor  of  the  sinus,  carefully  avoiding  injury  to  the 
supraorbital  arch  of  the  bone.  When  the  opening  is  made,  the  rest  of  the  floor 
is  removed  with  a  bone  forceps.  (Fig.  46.) 


FIG.  47. — KILLIAN'S  OPERATION,  SHOWING  COMPLETE 
OPENING  OF  BOTH  FRONTAL  SINUSES. 
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c*FVFNTH  STEP-  EEMOVAL  OF  THE  FEONTAL  PEOCESS  OF  THE  SUPEEIOE 
MAXILLA  AND  THE  EEMAINING  POETION  OF  THE  FLOOE  OF  THE  SINUS. 
— Takin"  great  care  not  to  injure  the  nasal  membrane,  the  frontal  process  is 
trephined  and  the  exposed  bone  is  removed  with  a  slender  bone  forceps.  A 
chisel  may  have  to  be  used  to  enter  the  upper  and  inner  corner  of  the  eye,  which 
has  a  dense  structure.  With  this  addition  to  the  opening,  the  deeper  parts  of 
the  sinus  floor,  the  floor  and  walls  of  the  temporal  and  orbital  recesses  of  the 
frontal  sinus  and  the  orbital  recesses  of  the  ethmoid  cells  are  easily  removed. 

(Fig.  47.) 

EIGHTH  STEP. — The  anterior  and  the  middle  ethmoid  cells  and  the  corre- 
sponding parts  of  the  middle  turbinate  are  excised  in  order  to  have  a  cavity 
which  is  perfectly  even  and  smooth. 

NINTH  STEP:  FOEMATION  OF  A  FLAP  CONSISTING  OF  UNINJUEED  NASAL 
MUCOUS  MEMBEANE.— The  nasal  mucous  membrane  is  perforated  at  the  edge 
of  the  nasal  bone,  and  an  incision  made  in  an  upward  and  backward  direction 
to  about  y2  cm-  below  the  cribriform  plate,  from  which  point  it  continues  down- 
ward. The  flap  thus  formed  is  turned  outward  to  cover  those  parts  of  the 
wound  facing  the  nasal  cavity,  thus  securing  a  permanent  wide  communication 
between  the  nasal  and  frontal  cavities. 

TENTH  STEP.- — The  wound  is  irrigated  with  salt  solution  and  dusted  with 
iodoform.  A  drainage  tube  is  inserted  at  the  temporal  end  of  the  incision  and 
carried  through  the  external  nasal  orifice.  A  nasal  plug  keeps  the  tube  and  flap 
of  mucous  membrane  in  place. 

ELEVENTH  STEP. — The  edges  of  the  wound  are  carefully  sutured. 

AFTEE-TEEATMENT.- — The  patient  is  made  to  lie  on  his  healthy  side.  He 
must  not  be  allowed  to  blow  his  nose,  but  must  aspirate  all  secretions.  The 
dressings  are  changed  daily.  The  plug  is  removed  on  the  second  day,  the  tube 
on  the  third  or  fourth  day,  and  the  sutures  on  the  fifth  day.  Continue  the 
dressings  for  some  time  longer,  and  in  no  case  flush  the  wound. 

Any  granulations  arising  within  the  nose  are  removed  with  strong  AGNO3, 
Sol.  2%  gr.  to  oz.  Killian  finds  that  the  external  wound  heals  in  10  days,  and 
he  keeps  his  patient  in  the  hospital  for  a  fortnight. 

A.  Knapp's  Method  (18). — The  essential  point  of  this  operation  is  that  the 
frontal  sinus  is  attacked  through  the  floor  of  the  sinus  via  the  orbit.  It  has 
given  excellent  results  and  makes  no  scar  in  the  forehead.  It  is,  however,  a 
very  difficult  operation. 

FIEST  STEP. — The  skin  incision  is  made  along  the  upper  orbital  border 
midway  between  the  eyebrows  and  the  bony  orbital  margin,  then  down  along  the 
inner  wall  and  the  side  of  the  nose  to  the  floor  of  the  orbit.  Knapp  prefers 
this  incision  to  the  Killian,  for,  if  necessary,  external  drainage  may  be  insti- 
tuted and  he  does  not  pack  the  nose. 

SECOND  STEP:  INCISION  OF  THE  PEEIOSTEUM. — The  periosteum  is  in- 
cised  just  at  the  orbital  margin  above  and  in  a  line  with  the  cutaneous  incision 
along  the  nose,  and  retracted  with  a  sharp  retractor,  "After  the  firm  adhesion 
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Fio.  48.  —  BECK'S  OPERATION,   Snow  IN- 
CISION THROUGH  SKIN  AM>  BuBCi  i 
TISSUE  THROUGH   THE  UPPER  MARGIN  or 
THE  EYEBROWS. 


of  the  periosteum  to  the  orbital  margin  is  separated,  the  soft  parts  with  the 
orbital  contents  and  the  lacrimal  sac  an-  »<*ntly   .l<-t;trh«-«|  and  free  acc« 
given  to  the  roof  and  to  the  inner  wall  of  the  nrl.it.     Tin-  pulley  of  the  superior 
oblique  is  carefully  detached  from  the 
trochlear  fossa  by  a  blunt  periosteotorae 
working  from  behind  forward. " 

THIRD  STEP.— The  floor  of  the  fron- 
tal sinus  is  removed  with  a  chisel 
and  hammer  and  the  mucous  membrane 
curetted,  breaking  down  all  septa.  The 
nasal  process  of  the  superior  maxilla 
is  resected  as  well  as  the  lacrimal,  and 
the  ethmoid  bones,  thus  getting  free  ac- 
cess to  the  middle  fossa  of  the  nose. 
The  ethmoidal  labyrinth  is  completely 
removed  with  a  curet. 

FOURTH  STEP.— If  the  highest 
point  in  the  frontal  sinus  cannot  be 
reached  from  below,  the  skin  is  re- 
tracted forcibly  and  an  opening  made  in  the  anterior  bony  wall. 

FIFTH  STEP. — Suture  of  the  skin  wound  is  not  necessary.  The  edges  ap- 
proximate themselves.  A  wick  of  gauze  is  inserted  into  the  frontal  sinus 
through  the  external  wound  at  the  nasal  angle. 

Beck's  Double  Osteoplastic  Flap 
Method  (5). — In  this  operation  the 
bone  of  the  anterior  walls  of  the  si- 
nuses is  used  as  a  flap,  hinged  at  its 
lower  border,  which,  after  tin-  cavity 
has  been  cleaned,  is  replaced  in  its 
former  position.  This  method  has  the 
great  advantage  of  leaving  no  de- 
formity of  depression  such  as  occurs 
after  each  other  extranasal  operation 
on  the  frontal  sinus. 

FIRST  STEP:  PREPARATION  OF  A 
CELLULOID  TRACING  OF  THE  1 

FIG.  49.  —  BECK'S    OPERATION,    SHOWING    THE       TAL  SINUS.— A  piece  of  celluloid   film 
DISSECTION  ON  THE  FLAP  UPWARD.  . 

about  3  in.  square  is  placed  <>vcr  the 

X-ray  plate  in  the  trans-illuminating  box.  The  outlines  of  the  sinuses,  as 
well  as  the  supra-orbital  margins  are  made  upon  the  celluloid,  and  an  exact  pat- 
tern is  cut  out  which  is  sterilized  in  bichlorid  and  alcohol. 

SECOND  STEP:  THE  SKIN  INCISION. — The  skin  and  subcutaneous  tissue 
are  incised  through  both  eyebrows.  The  incisions  arch  downward  and  are 
joined  by  a  transverse  incision  across  the  bridge  of  the  nose  (Fig.  48). 
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THIRD  STEP.— The  skin  flap  is  dissected  upward  far  enough  to  allow  the 
upper  limit  of  the  frontal  sinuses  to  be  exposed,  using  the  celluloid  pattern  to 
determine  the  upper  limit  (Fig.  49). 


FIG.  50. — BECK'S  OPERATION.  Method  of  plac- 
ing the  celluloid  tracing  over  the  frontal 
sinuses. 


FIG.  51. — BECK'S  OPERATION.  Cutting  the  inferior 
border  of  the  bone  flap  with  a  Gigli  saw  from  with- 
in outward. 


FOURTH  STEP. — The  celluloid  plate  is  placed  in  position  over  the  frontal 
region,  and  the  periosteum  is  incised  around  the  plate  over  the  upper  and 
lateral  margins  of  the  sinuses — but  not  over  the  supra-orbital  borders — leaving 

the  inferior  borders  of  the  sinuses  to  be 
used  as  the  hinge  for  the  flap.  (Fig. 
50.) 

FIFTH  STEP. — Following  the  out- 
line of  the  periosteal  incision,  a  chisel 
is  used  to  cut  through  the  bone,  which 
is  slightly  beveled. 

SIXTH  STEP.— The  bone  is  pried 
out,  and  the  inferior  border  of  the  bone 
flap  is  cut  from  the  inside  with  a  Gigli 
saw,  through  almost  its  entire  thick- 
ness, taking  care  to  leave  the  perios- 
teum intact  so  that  it  will  not  be  broken 
when  the  bone  flap  is  turned  down  over 
the  nose.  (Fig.  51.) 

SEVENTH  STEP.— The  sinus  is  now 
exposed.  The  disease  is  thoroughly 
eradicated,  but  the  mucous  membrane 

is  not  curetted.     The  frontonasal  canal  is  enlarged  with  a  Halle  trephine  or  a 
Good  rasp  (Fig.  52).    The  anterior  ethmoidal  cells  are  removed. 

EIGHTH  STEP.— Drainage  is  introduced  through  the  nasofrontal  canal. 
NINTH  STEP.— The  osteoplastic  flap  is  replaced  and  the  skin  sutured. 


FIG.  52. — BECK'S  OPERATION,  SHOWING  THE 
RIGHT  SIDE  WITH  THE  GRANULATIONS  RE- 
MOVED AND  THE  DRILL  IN  OPERATION  EN- 
LARGING THE  NASOFRONTAL  OPENING.  The 
left  side  shows  the  cavity  filled  with  granula- 
tions and  pus. 
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AFTER-TREATMENT.- The  next  day  the  gauze  i&  r< MIH.V.  .1  and  a  gold  fili- 
gree tube  inserted.  In  one  case  only  I  leek  inserted  n..  tube,  and  the  canal  re- 
mained patent.  Douches  should  !><•  avoided. 

If,  during  convalescence,  it  is  found  that  the  drainage  is  insufficient,  it  is 
a  simple  matter,  under  local  ane>the>ia,  to  re-open  the  skin  wound,  remove  the 
bone  flap  and  thus  establish  external  drain. 

Kuhnt's  Method. — This  operation  consists  in  the  total  removal  of  the  an- 
terior wall  of  the  frontal  sinus,  with  a  chisel  and  bone  forceps,  followed  by  the 
thorough  curettage  of  the  contents  of  the  cavity  without  intert'erinir  in  any  way 
with  the  lumen  of  the  nasofrontal  canal.  The  cavity  is  packed,  and  the  entire 
wound  is  left  open  and  allowed  to  heal  by  granulations  t'nuii  the  bottom,  until 
the  cavity  is  obliterated.  The  external  wound  is  not  sutured. 

This  procedure  takes  excessively  long  to  heal,  and  the  scar  is  di-ti  1:11  ring.  It 
does  not  include  the  cleaning  out  of  the  ethmoidal  cells,  which  are  usually  in- 
volved and  may  prevent  a  cure.  The  motor  function  of  the  eye  has  been  known 
to  be  disturbed  by  an  extension  of  the  inflammation. 

Hajek-Luc  Method. — FIRST  STEP. — The  incision  begins  at  tl  -ral 

end  of  the  eyebrow  and  follows  the  line  of  it  to  the  bridge  of  the  now.  l-'mm 
there  a  second  incision  starts  and  extends  upward  as  far  as  the  upper  limit  of 
the  frontal  sinus.  With  this  triangular-shaped  incision  the  skin  and  the  perios- 
teum may  be  turned  up  and  the  frontal  plate  exposed. 

SECOND  STEP. — A  portion  of  the  exposed  bone  is  chiseled  away,  opening 
the  sinus  to  inspection  and  curettage. 

THIRD  STEP. — After  determining  the  extent  of  the  cavity,  the  inflamma- 
tory tissue  is  scraped  out  and  any  bony  septa  are  broken  down.  The  na-o frontal 
canal  is  enlarged  as  much  as  possible,  and  the  anterior  ethmoidal  cells  broken 
down  with  a  curet. 

FOURTH  STEP. — A  large  rubber  tube  is  inserted  into  the  enlarged  naso- 
frontal canal  and  left  there  for  several  weeks. 

The  external  wound  is  closed  and  allowed  to  heal  by  primary  intention. 

ADVANTAGES  AND  DISADVANTAGES. — Ballenger  (2)  comments  on  this 
procedure  as  follows: 

"ADVANTAGES  OF  THE  OPERATION. — The  advantages  of  this  method  of  operating  are : 
(1)  It  avoids  disfigurement,  as  the  wound  heals  by  primary  intention;  (2)  the  fronto- 
nasal  canal  is  enlarged,  the  anterior  ethmoidal  cells  eradicated;  and  (3)  as  they  are 
invariably  involved  in  frontal  sinusitis,  this  operation  is  advantageous,  because  they 
are  opened  and  drained  in  its  performance. 

"DISADVANTAGES  OF  THE  OPERATION. — Kelapse  occurs  in  about  50  per  cent,  of  the 
cases,  because  the  curettement  cannot  be  done  thoroughly,  as  the  ethmoidal  cells  are 
not  accessible  through  the  frontal  wound.  Suppuration  of  the  scalp  has  been  reported 
and  the  operation  has  been  followed  by  sinusitis  on  the  opposite  sido.  Severe  intra- 
cranial  complications  have  been  reported.  ...  It  appears,  therefore,  that  this 
method,  while  apparently  very  simple,  is  sometimes  followed  by  very  serious  sequelae. 
In  view  of  these  facts,  it  is  usually  better  to  adopt  Kuhnt's  operation,  or  at  least  a 
combination  of  the  two." 
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These  last  2  operations,  the  Kuhnt  and  the  Hajek-Luc,  are  well  known  and 
widely  practiced,  and  are  given  here  for  comparison,  although  they  have  been 
superseded  by  the  more  modern  ones  which  precede  them.  These  more  extensive 
operations  have  all  the  advantages,  enumerated  by  Ballenger,  of  the  Hajek-Luc 
method,  and  they  minimize  the  disadvantages. 

I  strongly  recommend  the  employment,  where  possible,  of  the  more  radical 
operations;  not  only  because  of  the  increased  probability  of  a  cure,  but  also  be- 
cause the  period  of  convalescence  is  shortened  and  the  possibility  of  fatal  or 
even  serious  complications  is  diminished. 

BIBLIOGRAPHY 

1.  BALDWIN.     Surg.,  Gynec.  and  Obst.,  1912,  xv,  720. 

2.  BALLENGER.    Nose,  Throat  and  Ear,  1914,  217. 

3.  — .     Ibid.,  235. 

4.  BECK,  CARL.    Med.  News,  New  York,  1904,  Ixxxiv,  439. 

5.  — .    Jour.  Am.  Med.  Assn.,  August,  1908,  li,  451. 

6.  CALDWELL-LUC.    New  York  Med.  Jour.,  1893,  Iviii,  526. 

7.  FINNEY.    Surg.,  Gynec.  and  Obst.,  1907,  v,  23. 

8.  GARREL  and  GIGNOUX.    Lyon  med.,  1913,  cxx,  No.  14,  733. 

9.  VON  HACKER.    Beitr.  z.  klin.  Chir.,  1897,  xviii,  545. 

10.  HARDIE,  JAMES.    Brit.  Med.  Jour.,  1875,  ii,  393. 

11.  HOLLANDER,  E.     Verhandl.  d.  Berl.  med.  Gesellsch.,  1912,  xliii,  554. 

12.  ISRAEL.    Arch.  f.  klin.  Chir.,  1887,  xxxvi,  372. 

13.  — .    Arch.  f.  klin.  Chir.,  1896,  liii,  255. 

14.  JOSEPH.     Berl.  klin.  Wchnschr.,  1898,  xxxv,  882. 

15.  — .    Verhandl.  d.  deutsch.  Gesellsch.  f.  Chir.,  1912,  xli,  82. 

16.  KATZ-PREYSING-BLTJMENFELD.    Handbuch  der  spez.  Chir.  des  Ohres  und 

der  oberen  Tuftwege,  1912,  i,  Part  2,  125. 

17.  KILLIAN.    Arch.  f.  Larnygol.,  Berlin,  1902,  xiii,  58-62. 

18.  KNAPP.    Jour.  Am.  Med.  Assn.,  1908,  li,  299. 

19.  KOENIG,  FRITZ.    Berl.  klin.  Wchnschr.,  1902,  xxxix. 

20.  KOLLE.    Plastic  and  Cosmetic  Surgery,  1911,  345. 

21.  LEXER.    Arch.  f.  klin.  Chir.,  1910,  xcii,  3,  749. 

22.  MACCORMAC.     Proc.  Clin.  Soc.,  London,  1877. 

23.  McGRAw.    Surg.,  Gynec.  and  Obst.,  1910,  xi,  557. 

24.  MCWILLIAMS.    Jour.  Am.  Med.  Assn.,  1913,  Ix,  730. 

25.  VON  MANGOLD.    Gesellsch.  f.  Chir.,  Berlin,  1900,  xxix,  460. 

26.  NELATON.    Bull,  de  la  Soc.  de  chir.  de  Paris,  1898,  655. 

27.  ROBERT.     Deformities  of  the  Face,  Philadelphia,  1912. 

28.  ROE.    Med.  Record,  July  18,  1891. 

29.  ROSENSTEIN.     Berl.  klin.  Wchnschr.,  1913,  i,  309. 

30.  SABINE.    Illust.  Quart.  Med.  and  Surg.,  1882. 

31.  SCHIMMELBUSCH.    Arch.  f.  klin.  Chir.,  1895,  1,  739, 


BIBLIOGRAPHY  207 


32.  SMITH.    Brit.  Med.  Jour.,  1897,  ii,  118. 

33.  STEINHAL.    Beitr.  z.  klin.  Chir.,  1JW1,  xxix,  485. 

34.  TUNIS.    Internal.  Clin.,  1897,  iv,  197. 

35.  HALLE.    Archiv  fur  Laryng.  u.  Khino.,  1910,  xxiv,  249. 
3C.  GOOD.     Laryngoscope,  April,  1908,  266. 


SURGERY   OF   THE   MOUTH,    TONGUE,   SALIVARY   GLANDS 

AND   PHARYNX 


CHAPTER   V 

SURGERY  OF  THE  MOUTH,  TONGUE,  SALIVARY  GLANDS  AND  PHARYNX 

FOKHKS    1I.\  WIN 


DIAGNOSIS  OF  OPERABLE  CONDITIONS  OF  THE  MOUTH,  TONGUE, 
SALIVARY  GLANDS,  AND  PHARYNX 

Instruments. — The  instruments  used  in  the  diagnosis  of  operable  condition- 
of  the  mouth,  salivary  glands,  tongue,  and  pharynx  are : 

LIGHT. — Direct  sunlight,  when  available,  is  to  be  preferred  to  an\ 
of  the  artificial  lights.  The  convenience  of  the  small  electric  light  bulb, 
which  may  be  used  either  as  a  head- 
light or  as  a  light  which  can  be 
moved  about  in  the  patient's  mouth, 
so  that  the  various  recesses  are  di- 
rectly illuminated,  has  brought  this 
light  into  general  favor.  The  street 
current  may  be  used  with  these 
lamps,  by  the  interposition  of  a 
rheostat,  for  examination  in  the  pa- 
tient's home.  Small,  portable, 
pocket  light  batteries  will  also  sup- 
ply the  necessary  current.  With  a 
good  headlight,  and  with  the  help  of 
a  cheek  retractor  and  a  tongue  de- 
pressor, all  the  oral  surfaces  can  be 
thoroughly  inspected.  (Fig.  1.) 

MOUTH  GAG. — For  the  examina- 
tion of  adults,  a  mouth  gag  is  not 
usually  necessary.  In  children  one 
is  often  serviceable.  Here  the  least 

formidable  one  is  the  best.     A  cork  of  moderate  size  answers  the  purpose  ex- 
ceedingly well,  and  is  not  a  disagreeable  object  for  the  child  to  bite.     A  strinir. 
however,  should  always  be  attached  to  the  cork  to  prevent  the  child  from  swal- 
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FIQ.  1. — PORTABLE  HEADLIGHT  AND  BATTERY. 
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lowing  it  during  the  struggles  which  may  follow  the  attempt  at  examination. 
For  routine  office  examination,  either  a  piece  of  soft  white  wood,  about  1  in. 
square,  which  can  be  sterilized  by  dipping  in  boiling  water,  or  one  of  the  firm 
rubber' gags  which  are  guttered  on  4  sides,  may  be  used.  A  string  should  always 
be  attached  to  a  mouth  gag  of  this  kind.  To  forcibly  open  a  child's  mouth 


FIG.    2. — RUBBER 
GAO. 


FIG.  3. — GROSS  MOUTH 
GAG. 


FIG.  4. — METAL  FINGER  PRO- 
TECTOR. 


FIG.  5. — PLAIN  WOOD 
TONGUE  DEPRES- 
SOR. 


without  inflicting  injury  to  the  teeth  or  gums  is  at  times  a  difficult  matter. 
With  a  little  patience  on  the  part  of  the  examiner,  a  favorable  time  will  occur, 
as  when  the  child  begins  to  cry,  and  a  cork  or  rubber  gag  may  then  be  intro- 
duced. This  is  followed  by  a  Gross  gag,  with  the  jaws  protected  by  soft  rubber 
tubing.  The  jaws  of  the  gag  are  slowly  separated,  while  the  head  is  kept  as 
still  us  possible  by  the  assistant.  (Figs.  2  and  3.) 

METAL  FINGER  PROTECTORS  may  be  used,  if  desired,  in  the  case  of  chil- 
dren.    (Fig.  4.) 
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FINK  SILVER  PROBES  WITH   i',ij\T  re  used  in  sounding  the  ducte 

of  the  salivary  .-lands.  For  the  parotid  duet,  a  lender  probe  eiirved  to  almut 
45°  at  •/.  ill.  iVnm  its  tip,  cmit'..niiiM-  to  tin-  direrti.,n  uf  the  du«-t,  i-  ..l  advan- 
tage when  ><>iindini:  the  di-tal  ineh  <»t'  the  tnhe. 

A    SLENDER   FLEXIBLE    WHALEBONE    GUIDE     may    occasionally    he    intro 
dnred  all  the  way  up  the  duct  \»  the  -land.     Foreign  bodies  may  L«  1  h\ 

l  hoe  -Hides.  It  is,  however,  at  times  impnsnhle 
to  iiot  any  guide  or  probe  all  the  way  up  the  duct, 
and  its  ea liber  must  be  roughly  judged  1»\  tin- 
sal  ivai-y  outflow  as  seen. 

Routine  Examination  of  the  Mouth  and  Phar- 
ynx.— The  teetli  and  gums  are  inspected,  the 
color  and  condition  of  the  edge  of  the  gums  heini^ 
especially  noted. 

The  floor  of  the  mouth  anterior  to  the  tongue 
and  the  openings  of  the  salivary  ducts  that  an; 
there  present  are  inspected,  together  with  the 
condition  of  the  frenum. 

The  flow  of  saliva  is  observed. 

The  shape  and  surface  appearance  of  the 
tongue  as  far  back  as  the  large  papillae  are  noted. 

With  the  tongue  depressor  the  tongue  is 
pushed  over  to  either  side,  and  the  sulcus  be- 
tween the  tongue  and  the  horizontal  ramus  of  the 
jaw  is  inspected. 

The  cheek  retractor  is  inserted,  and  the 
buccal  surface  of  either  cheek  is  examined. 

The  orifices  of  the  parotid  ducts  are  sought 
for  and  their  salivary  outflow  observed. 

The  surface  appearance  of  the  pharvngeal  membranes,  as  seen  through  the 
mouth,  is  noted,  together  with  the  condition  of  the  tonsils,  of  the  soft  palate, 
and  of  the  roof  of  the  mouth. 

The  tip  of  the  tongue  is  grasped  with  a  small  clean  napkin,  and  light  trac- 
tion exerted  on  it,  bringing  the  posterior  part  of  the  upper  surface  of  the  toiimi'- 
into  view. 

The  index  finger,  over  which  a  fresh  thin  rubber  cot  has  been  drawn,  is 
then  introduced  and  all  surfaces  palpated. 

It  is  of  distinct  help  to  have  the  other  hand  exert  light  counter  pressure  out- 
side, against  the  soft  tissue,  when  examining  the  floor  of  the  mouth,  the  siiblin- 
gual  and  submaxillary  regions,  the  tongue  and  the  mucous  membrane  of  the  cheek. 

The  pharynx  may  also  be  examined  by  means  of  the  pharyngoscope  (either 
the  direct  image  or  inverted  image  pharyngoscope). 

Yankauer's  pharyngeal  speculum  is  of  distinct  advantage  in  examining  the 
upper  part  of  the  pharynx.  (Fig.  6.) 


Fio.  6. — YANKACEB'B  PHARTN- 
OEAL  SPECULUM. 


Fia.  7.— WHITEHEAD'S  MOUTH  GAO.  FIG.  8.— COLLINS'  MOUTH  GAG. 


FIG.  9. — JANSEN'S  MOUTH  GAG.     A,  Jansen's  mouth  gag.     B,  Jansen's  mouth  gag  with 

anesthesia  tube  attached. 


Fio.  10. — MURDOCH'S  MOUTH  GAO. 


FIG.  11. — GWATHMEY-FERGUSON'S  MOUTH  GAO. 


FIG.  12. — GWATHMEY-FERGUSON'S  MOUTH  GAG  WITH  ANESTHESIA  TUBE  ATTACHED. 
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FIG.  13. — DENHART'S  MOUTH  GAG. 


SPECIAL  INSTRUMENTS  USED  IN  OPERATIONS   ON  THE   TONGUE, 
SALIVARY  GLANDS,  THE  FLOOR  OF  THE  MOUTH  AND 

PHARYNX 

Mouth  Openers.— Gross's,  Roser's,  Koenig's  or  Hister's  mouth  openers  can 
be  inserted,  preferably  between  sound  teeth  (bicuspids  or  molars  if  possible), 

and  sufficient  opening  se- 
cured so  that  a  mouth  gag 
can  be  adjusted.  The  rou- 
tine use  of  hard  screws 
or  wedges  is  inadvisable ; 
they  are  likely  to  cause 
fracture  of  one  or  more 
teeth. 

Mouth    Gags.— The    op- 
erator will  be  governed  in 
the  selection  of  a  gag  by  the  following  considerations : 

a.  The  part  of  the  mouth  which  is  to  be  operated  upon. 

b.  The  conditions  of  corresponding  teeth,   i.   e. 
their  strength  to  resist  the  force  necessary  to  secure  a 
sufficient  oral  aperture.     The  presence  of  loose  teeth 
or  of  bridge  work  may  determine  in  great  measure 
where  the  force  had  best  be  applied. 

c.  Where  teeth  are  missing,  the  condition  of  the 
gums  at  various  points. 

The  handles  of  mouth  gags  used  during  operations 
should  as  a  general  rule  be  out  of  the  operator's  way, 
and  there  should  be  no  bars  or  cross  pieces  to  interfere 
with  the  free  movement  of  all  instruments.  The  fol- 
lowing are  among  the  most  useful  mouth  gags  for 
these  purposes: 

Whitehead's,  of  various  sizes,  and  with  various 
attachments,  such  as  tongue  depressors  and  uvula  re- 
tractors. (Fig.  7.) 

Collins',  with  or  without  tongue  depressor.  (Fig. 
8.) 

Jansen's,  with  anesthesia  tube  attached.     (Fig.  9.) 

Murdoch's.     (Fig.  10.) 

Gwathmey-Ferguson's,  with  anesthesia  tube  at- 
tached. (Figs.  11  and  12.) 

Denhart's.     (Fig.  13.) 

It  is  usually  best  to  open  the  mouth  to  the  required 
<-xtiMit  with  one  of  the  mouth  openers  that  is  provided  with  flat  jaws,  so  as  to 
distribute  the  pressure  as  evenly  as  possible,  and  then  to  insert  the  mouth  gag 


FIG.    14. — LITER'S    CHEEK 
RETRACTOR. 
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that  seems  best  suited  to  the  proposed  operation.  The  jaws  of  most  of  the  mouth 
gags  that  are  made  at  present  are  pn»\ioVd  \vith  flat  or  corrugated  pieces  of  lead 

where  they  come  in  contact  with  the  teeth,  in  order  to  dimini-h  the  likelihood  of 
chipping  <>!•  hreakiiiir  away  portions  of  tliem.  Short  pieces  of  rnhher  tubing 
may  he  slipped  over  the  jaws  so  as  to  guard  still  m<  nst  slipp' 

Tongue  Depressors. — Of  the  various  tnngnc  <1<  :  at  have  offset 

handles  are  least  in  the  operator's  wav  i  Tncrck's  right-  and  left-handed  . 
(Fig.  15.) 


FIG.   15. — TUERCK'S  TONGUE  DEPRESSOR. 


FIG.  16. — COLUNS'  TONGUE  FORCEPS. 


Cheek  Retractors. — Of  the  cheek  retractors,  Luer's  is  an  excellent  one.  A 
plain  blunt  medium  sized  surgical  retractor  answers  very  well.  (Fig.  M.  > 

Tongue  Tractors. — As  a  tongue  tractor,  a  loop  of  heavy  silk  passed  through 
the  anterior  part  of  the  tongue  is  the  best.  The  after-disturbance  in  the  tongue 
is  less  than  that  following  the  application  for  a  similar  length  of  time  of  any  of 
the  so-cnlled  tongue  forceps. 

Tongue  Forceps. — Of  the  tongue  forceps,  the  light  weight  Collins'  is  excel- 
lent. (Fig.  10.) 

Small  blunt  silver  probes  or  fine  flexible  whalebone  guides  for  use  in  oper- 
ation on  the  ducts. 

Other  Instruments. — Hypodermic  syringes  and  needles;  scalpels;  smooth 
and  mouse-toothed  anatomical  forceps;  straight  and  curved  scissors;  blunt  and 
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pointed  scissors  with  long  handles;  straight  and  curved  artery  forceps;  small 
mosquito  artery  forceps;  double  tenacula;  blunt  and  sharp  skin  retractors; 
curved  blunt  ligature  carriers;  small  trocar  and  cannula;  needles  and  needle 
holders ;  small  rubber  drainage  tubing ;  apparatus  for  sucking  saliva  and  mucus 
out  of  the  mouth  during  the  operation. 

Instruments  Where  Bone  Work  Is  Necessary. — Gigli  saw;  periosteal  ele- 
vator ;  rongeur  forceps ;  bone  forceps ;  bone-cutting  forceps ;  bone  drills ;  bronze 
wire  and  wire-cutting  forceps;  bone  curets;  bone  wax.1 


METHOD   OF   ANESTHESIA 

Intra-oral  Operations. — The  following  methods  of  anesthesia  are  recom- 
mended : 

a.  For  short  operations   inside  the  mouth,   such  as  incising  a  localized 
abscess,  incising  the  mucous  membrane  over  a  sublingual  calculus  in  the  floor  of 
the  mouth,  removing  a  small  portion  of  tumor  from  the  tongue  or  microscopic 
examination,  etc.,  local  anesthesia  with  4  to  10  per  cent,  novocain  solution, 
either  applied  to  the  mucous  membrane  or  injected  into  the  mucous  or  sub- 
mucous  tissue. 

b.  For  short  operations  where  local  anesthesia  is  not  desirable,  general 
anesthesia  through  the  tubes  attached  to  one  of  the  mouth  gags    (Jansen's, 
Gwathmey-Ferguson) . 

c.  For  operations  of  longer  duration  inside  the  mouth,  where  the  presence 
of  1  or  more  tubes  in  the  mouth  does  not  interfere  with  rapid  and  thorough 
work,  intratracheal  insufflation  anesthesia. 

d.  Where  all  available  room  inside  the  mouth  is  indispensable  to  the 
operator,   and  where  the   danger  of  the  patient's  inspiring  blood  or  mucus 
during  the  operation  is  slight  or  negligible,  nasal  anesthesia  through  the  nasal 
tubes. 

e.  Where  all  available  room  inside  the  mouth  is  indispensable  to  the 
operator,  but  where  the  danger  of  the  patient's  inspiring  blood  and  mucus  is 
great,  general  anesthesia  through  a  previously  made  tracheotomy  wound.     This 
is  the  preferable  method  in  some  carcinomata  of  the  tongue  and  in  some  pharyn- 
geal  tumors. 

Extra-oral  Operations. — In  the  removal  of  submaxillary  or  parotid  glands 
and  in  preliminary  clearing  out  of  the  glands  of  the  neck  for  carcinoma  of  the 
tongue,  etc.,  nasal  anesthesia  is  excellent.  The  tubes  are  out  of  the  operator's 
way  and  so  is  the  anesthetist.2 

In  suitable  cases  rectal  anesthesia  induced  by  a  skilled  anesthetist  with  a 
trained  assistant  will  prove  to  be  of  distinct  help  to  the  operator. 

1  All  instruments  should  be  sterilized,  of  course,  before  using. 

aFor  the  technic  of  intratracheal  and  intranasal  anesthesia  the  reader  is  referred  to 
the  article  on  that  subject,  Vol.  I,  Chap.  III. 
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PREPARATION   FOR   OPERATIONS 

Posture  of  Patient.-  For  short  operations,  the  "head-low''  position  is  some- 
times of  advantage.  The  dangers  of  inhaling  blood  and  mucus  are  thereby 
minimized.  The  congestion  of  the  vessels,  however,  which  occurs  in  tin- 
tion,  especially  in  full-blooded  adults,  interferes  greatly  with  the  accurate 
recognition  of  anatomical  structures.  For  extensive  dissections  this  posture  is, 
therefore,  not  favored.  For  most  of  the  operations  on  the  inside  <»f  the  mouth, 
the  position  of  the  patient  with  the  head  and  chest  slightly  elevated  is  to  be  pre- 
ferred as  giving  the  operator  the  best  angle  of  vision. 

Prevention  of  Inhalation  of  Blood  or  Mucus  During  Intra-oral  Operations. 
— The  dangers  attendant  upon  this  occurrence  have  had  much  inilucnce  in  the 
past  on  the  methods  adopted  by  various  operators  in  their  intra-oral  operations. 
With  well-trained  assistants  who  appreciate  the  importance  of  keeping  the 
laryngeal  way  clear  of  all  blood  and  mucus,  an  operator  may  be  justified  in 
performing  many  of  the  intra-oral  operations  while  the  anesthetic  is  being 
given,  either  through  the  nasal  tube  or  through  the  tubes  incorporated  in  the 
mouth  gags  for  this  purpose.  When  the  vascularity  of  the  parts  involved  is 
very  great,  the  intratracheal  method  of  anesthesia  is  a  safer  one. 

The  apparatus  for  aspirating  saliva  and  bloody  mucus  from  the  mouth 
while  the  operation  is  in  progress  (see  Vol.  I,  Chap.  VII)  introduces  an  addi- 
tional element  of  safety  in  intra-oral  operations. 

Oral  Asepsis. — Before  undertaking  any  operation  on  the  mouth,  or  one 
which  may  involve  the  removal  of  an  organ  communicating  with  that  cavity,  it 
is  essential  that  the  mouth  should  be  made  as  aseptic  as  possible.  Perfect  oral 
asepsis  is  at  present  unattainable.  Much  may  be  done,  however,  to  limit  the 
number  of  organisms  present.  Carious  teeth  harbor  great  numbers  of  bacteria. 
They  are  also  present  between  the  teeth,  between  the  gums  and  the  teeth,  be- 
tween the  gums  and  the  cheeks,  on  the  surface  of  the  tongue,  in  and  about  the 
tonsils,  behind  the  soft  palate,  and  in  the  various  recesses  of  the  pharyngeal 
mucous  membrane. 

First  of  all,  the  services  of  a  dentist  should  be  secured  to  clean  out  and  fill, 
either  temporarily  or  permanently,  all  areas  of  dental  caries  that  can  be  so 
treated.  Carious  teeth  that  are  beyond  repair  should  be  extracted.  All  sharp 
edges  of  teeth  should  be  smoothed  off.  All  tartar  should  be  removed  from  about 
the  teeth,  especially  at  their  bases.  When  this  has  been  accomplished,  attention 
must  be  directed  repeatedly  for  several  days  before  the  operation  to  the  mechan- 
ical removal  of  portions  of  food  that  may  collect  in  the  mouth  and  of  the  g 
number  of  organisms  that  are  constantly  growing  in  the  localities  ah«»\-e  men- 
tioned. The  teeth  should  be  brushed  3  times  a  day  with  a  soft  tooth  brush, 
using  a  mild  antiseptic  mouth  wash  or  dental  paste.  The  upper  surface  of  the 
tongue  should  be  brushed  or  scraped.  Silk  floss  should  be  passed  between  all 
teeth  while  the  wash  or  saponified  paste  is  still  in  the  mouth,  and  finally  the 
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mouth  should  be  well  rinsed  with  a  mild  solution  of  hydrogen  peroxid  (say 
equal  parts  of  hydrogen  peroxid  solution  U.  S.  P.  and  lime  water).  If  these 
procedures  are  followed  after  each  meal,  the  number  of  growing  bacterial 
colonies  will  be  greatly  diminished.  The  nostrils  and  pharynx  may  be  sprayed 
3  times  a  day  with  a  mild  antiseptic  solution  such  as  a  saturated  solution  of 
boric  acid.  If  the  gums  are  the  seat  of  Riggs'  disease,  this  process  should  re- 
ceive appropriate  treatment  and  a  satisfactory  condition  should  be  secured  be- 
fore the  date  of  operation  is  set.  The  patient  should  not  be  in  a  dusty  at- 
mosphere at  any  time  within  24  hours  of  the  operation.  Male  patients  should 
be  clean  shaven  on  the  day  of  operation.  A  mustache  is  likely  not  only  to  be 
in  the  operator's  way,  but  also  to  contribute  to  soiling  the  operative  field.  A 
few  minutes  before  the  operation  the  routine  method  previously  advocated  for 
cleansing  the  mouth  should  be  carried  out.1 

Where  an  operation  is  contemplated  that  will  involve  the  opening  of  large 
tracts  of  cellular  tissue  in  connection  with  the  mouth  (as  in  carcinoma  of  the 
tongue  with  removal  of  submaxillary  glands  and  in  extensive  neck  dissection) 
as  an  additional  precaution  the  number  of  bacteria  taken  into  the  mouth  during 
the  24  hours  previous  to  the  operation  may  be  lessened  by  restricting  the  food 
to  such  sterilized  articles  as  boiled  water  for  drinking  purposes,  toast,  boiled 
eggs,  boiled  milk  and  coffee,  freshly  cooked  fruit,  etc. 

Asepsis  of  Skin  and  Subcutaneous  Tissues. — Before  undertaking  any  of  the 
various  operations  for  external  salivary  fistula  it  is  important  that  the  skin  and 
subcutaneous  tissues  around  the  fistulous  opening  shall  be  brought  into  as  good 
condition  as  possible.  This  is  especially  the  case  where  end-to-end  suture  of  the 
divided  duct  is  contemplated.  The  excoriation  of  the  skin  and  the  chronic 
thickening  of  the  subcutaneous  tissues  due 'to  the  constant  bathing  of  them  by 
the  salivary  stream  can  best  be  removed  by  protecting  them  against  the  saliva 
through  the  application  of  a  salve,  which  should  be  both  waterproof  and  of  such 
firmness  that  it  will  not  perceptibly  soften  at  the  body  temperature.  An  oint- 
ment which  answers  this  purpose  admirably  is  made  up  as  follows : 

Zinc  oxid  ointment  (U.  S.  P.) 4  ounces 

White  wax 1  ounce 

To  be  heated  and  thoroughly  mixed. 

This  ointment  should  be  heated  before  it  is  applied.  The  skin  should  be 
thoroughly  dried  all  around  the  fistulous  opening,  and  the  ointment  then  im- 
mediately applied.  The  saliva  will  flow  over  this  ointment  without  melting  it. 
In  the  old  chronic  cases  it  will  probably  require  from  10  days  to  2  weeks  of 
careful  treatment  with  this  salve  before  the  skin  and  subcutaneous  tissues  have 
returned  to  an  approximately  normal  condition. 

1  While  antiseptic  substances  are  doubtless  beneficial  in  the  sterilization  of  the  oral 
cavity,  irritation  of  the  buccal  mucous  membrane  may  easily  be  brought  about  by  too  strong  a 
solution  or  by  too  vigorous  brushing  of  the  teeth.  An  adequate  mechanical  removal  of  the 
bacteria  is  of  more  importance  than  the  antiseptic  action  of  the  substances  used. 
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OPERATIONS  ON  THE  SALIVARY  GLANDS  AND  DUCTS 


CONGENITAL  ABSENCE  OF  ONE  OE  MORE   8AUVABY  GLANDS 

Congenital  absence  of  one  or  more  of  the  salivary  glands  does  not  call  for 

operative  procedure. 


ABNORMALLY  PLACED  SALIVARY  GLANDS 

An  ;il>iioini;illy  placed  salivary  gland  may  give  rise  to  an  unusual  swelling. 
Its  removal  might  be  indicated  on  cosmetic  grounds.  The  condition  is  one  of 
c\l  rcnic  nirity. 

The  operations  for  abnormally  placed  orifices  of  salivary  glands  will  be  de- 
scribed under  the  operations  for  fistula  of  the  salivary  ducts. 

RECENT  INJURIES  TO  THE  SALIVARY  GLANDS 

When  an  injury  occurs  to  one  of  the  salivary  glands  on  its  buccal  surface,  a 
resulting  buccal  fistula  is  of  slight  importance.  Operative  attention  is  seldom 
required  at  the  time,  unless  there  is  a  complicating  hemorrhage.  Pressure  ap- 
plied in  the  wound  is  usually  sufficient  for  the  milder  forms  of  hemorrhage. 
Where  a  large  vessel  is  cut  across  or  nicked,  and  it  is  found  impossible  to  pick 
it  up  in  the  wound,  the  ligation  of  that  vessel  might  be  called  for  at  its  point  of 
entrance  into  the  gland  (as  the  external  carotid  artery  where  it  enters  the 
parotid.  These  Hgations  will  be  found  under  their  appropriate  headings 
(  Libation  of  Arteries  in  Continuity,  Chapter  XI,  Vol.  1,  page  399).  When 
a  wound  is  inflicted  on  a  salivary  gland  on  its  cutaneous  surface,  the  opera- 
tive treatment  should  follow  the  usual  lines  of  wound  treatment  elsewhere, 
except  that  primary  union  of  the  overlying  skin  is  specially  to  be  desired  on 
account  of  the  possibility  of  the  formation  of  an  external  salivary  fistula. 
Dead  spaces  should  not  be  left  in  such  a  wound  to  collect  saliva  and  pre- 
dispose to  fistula.  After  appropriate  closure  of  the  wound,  the  jaw  should 
be  immobilized  during  the  healing  process.  Fluid  food  should  be  given  through 
a  tube. 

RECENT  INJURIES  TO  THE  SALIVARY  DUCTS 

An  injury  inflicted  to  one  of  the  salivary  ducts  on  its  oral  side,  resulting  in 
the  formation  of  a  salivary  fistula  in  the  mouth,  does  not  call  for  special  oper- 
ative interference,  for  the  exact  location  in  the  mouth  of  the  opening  of  any 
of  the  salivary  ducts  does  not  seem  to  be  of  importance. 

An  injury  inflicted  on  one  of  the  salivary  ducts  on  its  cutaneous  surface, 
which  results  immediately  in  an  external  salivary  fistula,  may  call  for  operative 
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interference.  The  divided  ends  of  the  ducts  should,  if  possible,  be  coapted  and 
sutured  with  fine  chromicized  catgut,  the  stitches  not  penetrating  the  duct 
lumen,  however,  for  fear  of  subsequent  calculus  formation.  The  jaw  should  be 
immobilized  and  the  patient  fed  through  a  tube.  If,  in  such  a  wound,  the 
mucous  membrane  of  the  cheek  also  has  been  opened,  as  in  a  penetrating  stab 
wound,  the  wound  in  the  mucous  membrane  may  be  left  partially  open,  while 
the  skin  is  carefully  sutured,  so  that  in  the  event  of  the  duct  not  uniting,  the 
saliva  may  be  discharged  into  the  mouth  through  the  mucous  wound.  Should 
an  external  fistula  form,  which  does  not  close  as  the  wound  heals,  an  appropriate 
operation  will  have  to  be  performed.  This  condition  is  found  usually  only  in 
wounds  of  the  parotid  duct.  The  operative  procedures  indicated  will  be  de- 
scribed under  Fistula  of  the  Salivary  Ducts. 

REMOVAL  OF  FOREIGN  BODIES  IN  SALIVARY  DUCTS 

If  protruding  from  the  orifices  of  the  ducts,  foreign  bodies,  such  as  bristles, 
fish-bones,  hard  particles  of  food,  etc.,  may  be  seized  with  forceps  and  with- 
drawn. When  imbedded  in  the  duct  beyond  its  orifice,  an  attempt  may  be  made 
to  milk  the  object  back  along  the  duct.  This  procedure,  however,  is  usually 
unsuccessful,  and  the  duct  has  to  be  opened  for  the  removal  of  the  foreign  body. 
The  appropriate  operations  for  incising  the  various  ducts  are  described  under 
Removal  of  Calculus  of  the  Salivary  Ducts. 

ACUTE  INFECTIONS  OF  THE  SALIVARY  GLANDS 

1.  Sublingual  Gland. — Acute  purulent  infection  of  the   sublingual  gland 
alone  is  rarely  met  with.     A  few  cases,  however,  have  been  described.     The 
abscess  should  be  incised  through  the  mouth  in  the  long  axis  of  the  gland,  and 
the  wound  either  left  wide  open  or  preferably  lightly  packed  with  gauze  for 
from  24  to  36  hours.    After  this,  hourly  rinsing  with  a  mild  antiseptic  solution, 
such  as  saturated  boric  acid  solution,  will  promote  prompt  healing. 

2.  Submaxillary  Gland. — Acute    purulent    infection    of   the    submaxillary 
gland  requires  prompt  incision  on  account  of  the  tendency  of  the  inflammatory 
process  to  rapidly  affect  the  cellular  tissues  of  the  neck.     If  unrelieved,  edema 
of  the  glottis  may  supervene,  necessitating  prompt  tracheotomy.     A  very  liberal 
incision  should  be  made  from  the  cutaneous  surface  well  into  the  substance  of 
the  gland,  parallel  to  and  just  below  the  ramus  of  the  jaw,  avoiding,  if  possible, 
the  facial  artery  at  the  posterior  edge  of  the  gland.     Should  the  facial  artery  be 
cut,  it  is  a  mistake  to  pack  the  wound  tightly  to  stop  the  bleeding.    The  divided 
ends  should  be  ligated.    The  deep  fascia  should  be  divided  to  the  full  extent  of 
the  incision,  thus  relieving  pressure.    The  wound  should  be  very  lightly  packed. 
Should  the  presence  of  a  "foreign  body  in  the  gland  or  in  the  duct  be  suspected, 
careful  search  should  be  made  for  it.  (Fig.  17.) 

3.  Parotid  Gland,— Acute  secondary  suppurative  infections  of  the  parotid 
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inland  are  not,  uncommon.  Tin-  pus  is  usually  deep  in  tin-  salivary  portion  of 
the  ^land  or  in  the  lymphatic  »hmd  situated  within  the  parotid.  Incision  is 
made  over  the  most  prominent  part  of  the  brawny  area  in  the  same  line  a*  that 
of  the  facial  nerve  fibers.  The  capsule  of  the  gland  is  divided  to  the  full  extent 
of  the  wound  in  order  to  relieve  the  pressure.  Incision  should  be  made  at  an 
early  date  to  prevent  the  spread  of  the  inflammatory  process  to  the  deep  internal 
part  of  the  parotid,  which  reaches  almost  to  the  pharyngeal  wall.  If  this  deep 


Fia.  17. — INCISION   TOR   ABSCESS   OF   SUB- 
MAXILLARY  GLAND. 


FIG.  18. — INCISION  FOR  PAROTID  ABSCESS. 


portion  of  the  parotid  becomes  infected,  the  process  may  extend  rapidly  to  the 
cellular  tissue  of  the  neck,  owing  to  the  absence  of  any  dense  limiting  membrane 
to  the  gland  in  this  locality.  (Fig.  18.) 

An  abscess  may  rupture  into  the  auditory  canal  or  the  pus  may  burrow 
down  into  the  mediastinum  or  upward,  causing  thrombosis  of  the  internal  jugu- 
lar vein  and  of  the  lateral  sinus,  with  intracranial  sepsis. 


CHRONIC  INFECTIONS  OF  THE  SALIVARY  GLANDS 

The  removal  of  the  sublingual  or  submaxillary  gland  is  at  times  indicated 
for  a  chronic  inflammatory  process  (Kuetner's  disease)  which  goes  on  to  the 
production  of  connective  tissue  with  minute  abscesses  scattered  through  the 
gland.  The  removal  of  these  glands  is  described  under  Removal  of  Sublingual 
or  Submaxillary  Gland  with  Calculus. 

The  removal  of  the  sublingual,  submaxillary,  or  parotid  glands  may  also  be 
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required  for  chronic  enlargement  interfering  with  function  in  the  so-called 
Mikulicz'  disease  or  syndrome. 

EEMOVAL  OF  CALCULUS  OF  THE  SALIVARY  GLANDS  OR  DUCTS 
KEMOVAL  OF  CALCULUS  OF  SUBLINGUAL  GLAND  OK  SUBLINGUAL  DUCT 

1.  Removal  of  the  Calculus  Through  the  Mouth  by  Simple  Incision  of  the 
Gland  or  Duct  over  the  Calculus. — This  operation  is  suitable  for  a  calculus  in 
the  sublingual  duct,  or  in  the  sublingual  gland  where  the  calculus  is  not  firmly 
imbedded  in  the  gland  tissue.     (If  firmly  imbedded  in  the  gland  tissues,  it  is 
best  to  remove  the  gland  itself  with  the  calculus.)     The  lingual  nerve,  a  branch 
of  tne  inferior  maxillary  division  of  the  fifth  nerve,  runs  on  the  median  side 
of  the  sublingual  gland.     The  instruments  to  be  used  are:  mouth  gag,  scalpel, 
artery  clamps,  scissors,  blunt  forceps,  hypodermic  syringe. 

After  novocainizing  (4  per  cent,  solution)  the  portion  of  the  gland  directly 
over  the  calculus,  a  straight  incision  is  made  in  the  long  axis  of  the  gland  over 
and  down  to  the  calculus,  which  is  then  seized  with  blunt  forceps  and  extracted, 
whole  if  possible.  Bleeding  points  are  tied  with  plain  catgut.  The  wound  is 
left  open.  Injury  to  the  lingual  nerve  should  be  avoided.  It  may  be  followed 
by  loss  of  sensation  of  the  anterior  half  of  that  side  of  the  tongue.  If  the  gland 
substance  be  left  in  a  ragged  condition,  a  re-formation  of  the  calculus  may 
occur. 

2.  Removal  of  Calculus  in  the  Sublingual  Gland  Through  the  Mouth,  Together 
with  the  Sublingual  Gland. — When  a  sublingual  calculus  is  firmly  imbedded  in 
the  gland  tissue,  it  is  best  to  remove  it  with  the  gland.     The  sublingual  gland 
rests  on  the  mylohyoid  muscle.     To  its  median  side  are  the  lingual  nerve  and 
the  duct  of  the  submaxillary  gland  (Wharton's).    Behind,  the  gland  is  in  rela- 
tion with  the  deep  part  of  the  submaxillary  gland.     General  anesthesia  is  used 
through  the  nasal  tubes.     The  instruments  to  be  used  are :   mouth  gag,  scalpel, 
curved  blunt  scissors,  artery  clamps,  double  tenacula  for  holding  up  the  gland, 
a  square  napkin  of  gauze  for  the  assistant  to  grasp  the  tongue  and  hold  it  over 
to  the  opposite  side,  the  salivary  suction  apparatus,  if  desired. 

While  the  tongue  is  held  over  to  the  opposite  side,  the  mucous  membrane 
is  divided  in  the  long  axis  of  the  gland  and  peeled  back  by  blunt  dissection,  ex- 
posing the  gland,  which  is  seized  and  held  up  by  a  double  tenaculum.  The  as- 
sistant pushes  up  the  floor  of  the  mouth  directly  under  the  gland,  and  the  gland 
with  the  contained  calculus  is  enucleated  from  its  bed  with  the  curved  scissors. 
Care  is  to  be  taken  not  to  injure  the  lingual  nerve  on  the  median  side  of  the 
gland  and  Wharton's  duct.  The  mucous  membrane  of  the  mouth  is  left  to  fall 
into  the  hole  made  by  the  removal  of  the  gland.  Frequent  use  should  be  made 
postoperatively  of  a  mild  mouth  wash.  If  the  lingual  nerve  is  injured,  loss  of 
sensation  of  the  anterior  half  of  the  tongue  on  that  side  may  result.  If 
Wharton's  duct  is  injured,  there  will  probably  be  no  permanent  ill  effect.  If 
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the  dissection  is  a  blunt  one,  the  division  behind  between  the  sublingual  and 
HI  I. maxillary  gland  would  be  recognized.  If  a  portion  of  the  submaxillary 
should  be  inadvertently  removed  with  the  Mihlininial,  it  is  probable  that  no 
(KM  niaiicnt  bad  effect  will  be  noticed.  Subsequent  cellulitis  of  the  floor  of  the 
mouth  is  best  avoided  by  leaving  the  wound  open.  The  loss  of  the  sublingual 
gland  seems  to  exert  no  appreciable  influence  on  salivary  digestion. 

REMOVAL  OF  CALCULUS  OF  SUBMAXILLARY  GLAND  OR  SUBMAXILLARY  DUCT 

Removal  of  Calculus  of  Submaxillary  Wharton's  Duct. — The  superficial 
position  of  the  submaxillary  duct  permits  of  the  removal  of  a  calculus  imbedded 
in  it  through  the  mouth.  The  duct  is  about  2  in.  long,  and  its  walls  are  quite 
thin.  The  duct  is  crossed  by  the  lingual  nerve  at  the  anterior  border  of  the 
livoulossus  muscle,  usually  close  to  the  anterior  border  of  the  submaxillary 
-hind.  The  instruments  used  are:  scalpel,  artery  clamps,  scissors,  mouse- 
toothed  forceps,  hypodermic  syringe.  Under  local  anesthesia  (4  per  cent. 
imvocain),  an  incision  directly  over  the  calculus  is  made  in  the  long  axis  of  the 
duct,  to  prevent  injury  to  the  lingual  nerve.  The  calculus  is  seized  with  the 
forceps  and  extracted.  The  wound  is  left  open. 

Removal  of  Calculus  of  Submaxillary  Gland  Through  the  Mouth. — This  op- 
eration is  not  to  be  advised  unless  the  stone  is  very  superficial.  This  is  unusual. 
The  superficial  calculi  are  usually  located  in  Wharton's  duct. 

Removal  of  Submaxillary  Gland  with  Contained  Calculus  Through  the  Mouth. 
—This  operation  is  not  considered  safe  on  account  of  the  depth  of  the  gland, 
the  dangers  of  wounding  the  facial  artery  below,  and  the  lingual  and  hypoglossal 
nerves,  whose  location  is  apt  to  be  obscured  by  capillary  oozing. 

Removal  of  Calculus  of  Submaxillary  Gland  Through  the  External  Route. 
—The  removal  of  the  calculus  alone,  without  the  gland,  through  this  route, 
while  feasible,  is  not  to  be  preferred  unless  there  are  local  or  general  conditions 
to  centra-indicate  a  more  extensive  operation.  Where  there  is  associated  abscess 
or  purulent  infection  of  the  cellular  tissue  in  the  submaxillary  triangle,  or 
where  rapid  removal  of  the  calculus  and  thorough  drainage  of  the  submaxillary 
region  are  required,  this  operation  is  indicated.  The  position  of  the  facial 
artery  at  the  posterior  part  of  the  gland  and  of  the  lingual  and  hypoglossal 
nerves  is  to  be  kept  in  mind.  The  instruments  required  are:  mouth  gag, 
scalpel,  artery  forceps,  sharp  and  blunt  retractors,  scissors,  blunt  forceps  to 
seize  calculus,  sharp  spoon.  General  anesthesia  through  nasal  tube  is  indicated. 

Incision  is  made  over  the  most  prominent  part  of  the  infected  mass  in  the 
submaxillary  triangle,  and  deepened  until  the  gland  is  reached.  With  the 
mouth  gag  in  position,  the  assistant  depresses  the  submaxillary  gland  from  the 
mouth,  and  the  operator  incises  the  gland  directly  over  the  calculus,  which  is 
then  grasped  by  blunt  forceps  and  delivered.  Any  necrotic  gland  tissue  is 
curetted  out  by  spoon.  All  the  tissues  are  left  open  to  drain,  the  operator  hav- 
ing satisfied  himself  that  the  incision  is  sufficiently  ample  for  adequate  drainage. 
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The  incision  may  be  further  extended  into  the  cellular  tissue  of  the  neck  if 
greater  relief  from  tension  be  desired.  Insufficient  relief  of  tension  may  be  fol- 
lowed by  the  spread  of  the  cellulitis  to  the  region  of  the  glottis,  necessitating 
tracheotomy  later.  An  external  salivary  fistula  may  form.  Re-formation  of 
the  calculus  is  not  unlikely,  unless  the  submaxiilary  gland  is  so  necrotic  that 
complete  destruction  of  the  gland  tissue  occurs. 

Removal  of  Calculus  of  Submaxiilary  Gland,  Together  with  the  Gland,  by  Ex- 
ternal Route.— A  calculus  imbedded  in  the  gland  tissue,  not  associated  with  ab- 
scess or  cellulitis  in  the  submaxiilary  triangle,  should  be  removed  together  with 
the  gland.  The  position  of  the  facial  artery,  at  the  posterior  edge  of  the  gland, 
and  of  the  lingual  and  hypoglossal  nerves,  is  to  be  kept  in  mind.  The  gland  has 
a  deep  process  which  extends  forward  and  inward  above  the  mylohyoid  muscle. 
The  instruments  to  be  used  are :  mouth  gag,  scalpel,  retractors,  tissue  forceps, 
scissors,  artery  clamps,  double  tenacula,  needle  holders  and  needles.  General 
anesthesia  through  nasal  tubes  is  indicated. 

An  incision  is  made  parallel  to  the  lower  border  of  the  jaw  and  directly 
below  it,  corresponding  to  the  length  of  the  submaxiilary  gland.  The  tissues  are 
divided  down  to  the  gland.  The  mouth  gag  is  inserted  and  from  the  mouth  the 
assistant  pushes  down  the  gland  toward  the  operator.  The  gland,  with  con- 
tained calculus,  is  lifted  up  by  a  double  tenaculum,  and  by  blunt  dissection  the 
mass  is  gradually  enucleated ;  its  relation  with  the  mylohyoid,  styloglossus,  and 
hyoglossus  muscles,  and  with  the  facial  artery  posteriorly,  being  recognized. 
AVharton's  duct  is  divided  at  its  commencement  and  left  in  the  wound.  The 
mucous  membrane  of  the  floor  of  the  mouth  should  not  be  broken  into.  A  rub- 
ber tissue  drain  is  left  in  the  wound. 

REMOVAL  OF  CALCULUS  OF  THE  PAROTID  GLAND  OB  PAROTID  DUCT 

Removal  of  Calculus  Imbedded  in  the  Buccal  Portion  of  the  Parotid  Duct. 
—The  buccal  portion  of  the  parotid  duct  is  from  %  to  %  in.  long.     It  is  the 
portion  which  extends  from  the  edge  of  the  masseter  muscle,  through  the  bucci- 
nator, to  the  opening  on  the  buccal  surface  of  the  cheek  opposite  the  second 
upper  molar  tooth. 

The  instruments  required  are :  appropriate  mouth  •  gag,  cheek  retractor, 
scalpel,  artery  clamps,  tissue  forceps,  hypodermic  syringe,  and  needles.  Local 
anesthesia  (4  per  cent,  novocain  solution)  is  employed. 

Counter-pressure  being  made  on  the  outside  of  the  cheek,  the  anesthetic  is 
injected  into  the  buccal  tissues  directly  over  the  calculus  and  the  incision  made 
in  the  long  axis  of  the  duct  onto  the  calculus,  which  is  then  extracted.  The 
wound  is  left  wide  open.  If  an  internal  salivary  fistula,  forms  at  the  site  of 
incision,  it  is  of  no  consequence.  A  mild  antiseptic  mouth  wash  should  be  used 
every  2  hours  until  healing  is  well  under  way. 

Removal  of  Calculus  Imbedded  in  the  Masseteric  Portion  of  the  Parotid  Duct. 
—The  masseteric  portion  of  the  duct,  which  runs  from  the  anterior  edge  of  the 
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parotid  gland,  lying  on  the  masseter  muscle,  as  far  as  its  anterior  edge,  is  about 
!!/>  in.  long.  In  its  posterior  portion  it  receives  the  <lu<-t  <.t  tin  accessory 
parotid  gland.  The  course  of  the  duct  corresponds  approximately  to  the  mi<ldle 
third  of  a  line  drawn  between  the  lower  portion  of  the  external  auditory  mentis 
and  the  middle  of  the  upper  lip.  The  duct  wall  is  thick.  Its  diameter  is  about 
Vs  in-  It  has  branches  of  the  facial  nerve  both  below  and  above  it.  Above  it  is 
the  transverse  facial  artery. 

The  instruments  required  are:  scalpel,  scissors,  mosquito  artery  forceps, 
fine  tissue  forceps,  small  sharp  retractors,  fine  curved  needles,  and  needle  holder. 
Local  anesthesia  (4  to  10  per  cent,  novocain  solution)  or  general  anesthesia 
through  nasal  tubes  may  be  employed. 

Incision  is  made  in  the  line  of  the  duct  through  the  skin  and  superficial 
fascia  and  through  the  duct  wall  onto  the  calculus,  which  is  then  seized  with 
forceps  and  withdrawn.  The  presence  of  any  stricture  in  the  proximal  or  dis- 
tant part  of  the  duct  should  be  ascertained.  If  present,  it  should  be  dilated  by 
the  introduction  of  probes  of  increasing  caliber.  The  edges  of  the  divided  duct 
should  be  accurately  coapted  with  fine  chromicized  catgut  sutures,  which  do  not 
penetrate  the  lumen.  The  skin  and  superficial  fascia  should  be  brought  together 
and  sutured  for  primary  union.  The  jaw  should  be  immobilized  for  several  days 
to  promote  primary  union  of  the  skin.  Food  should  be  given  through  a  tube. 
Inaccurate  coaptation  of  the  divided  edges  of  the  duct  or  faulty  union  from 
necrotic  edges  may  result  in  the  formation  of  an  external  salivary  fistula. 
Should  this  occur,  sufficient  time  should  be  given  for  wound  contraction  in  the 
hope  that  the  fistula  will  gradually  close,  before  resorting  to  a  plastic  operation. 

Removal  of  Calculus  Imbedded  in  the  Glandular  Portion  of  the  Parotid  Duct. 
—Calculi  situated  in  the  glandular  part  of  the  parotid  duct  are  removed  in  the 
same  way  as  those  situated  in  the  masseteric  portion,  except  that  the  gland  tis- 
sue is  divided  over  the  duct  before  the  duct  is  incised.  After  the  calculus  is  re- 
moved, the  distal  part  of  the  duct  should  be  probed  for  stricture.  The  edges  of 
the  incision  in  the  duct  are  similarly  sutured,  and  the  gland  tissue  over  it  ap- 
proximated by  deep  sutures  to  prevent  the  formation  of  dead  spaces  in  which 
salivary  puddles  may  form.  The  overlying  skin  is  accurately  sutured  for  pri- 
mary union. 

Removal  of  Calculus  in  Parotid  Gland. — Here  the  removal  of  the  calculus 
alone  is  indicated  on  account  of  the  facial  nerve  filaments  that  perforate  the 
parotid.  General  anesthesia  is  used  through  the  nasal  tubes.  The  instruments 
used  are:  scalpel,  artery  clamps,  probe,  scissors,  small  sharp  retractors,  tissue 
forceps,  needles  and  needle  holder. 

The  skin  incision  is  made  parallel  to  the  course  of  the  facial  nerve  fibers 
over  the  calculus.  It  is  deepened  through  the  gland  until  the  calculus  is  ex- 
posed. The  calculus  is  removed  with  forceps.  If  firmly  imbedded,  a  little  of 
the  surrounding  parotid  tissue  had  best  be  removed  by  a  clean  scalpel  dissection. 
Unless  there  has  been  some  inflammatory  involvement  of  the  parotid,  the  wound 
may  be  closed  without  drainage,  care  being  taken  that  no  pockets  are  left  for 
16  B 
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salivary  puddles.  Accurate  skin  apposition  should  be  made  in  the  hope  of  ob- 
taining primary  union  and  avoiding  an  external  salivary  fistula.  The  after- 
treatment  should  be  as  previously  stated  for  a  calculus  in  the  glandular  part  of 
the  duct. 

REMOVAL  OF  CYSTS  OF  THE  SALIVARY  GLANDS  OR  DUCTS 

Removal  of  Cysts  of  Sublingual  Gland  or  Duct— A  cyst  of  the  sublingual 
gland  or  of  one  of  its  ducts  (one  of  the  forms  of  the  so-called  "ranula")  may  be 
treated  through  the  mouth  in  1  of  3  ways:  (a)  By  simple  incision  through  the 
most  prominent  part  of  the  cyst,  after  the  local  application  of  novocain  solution 
to  it.  This  will  be  curative  in  only  a  very  small  percentage  of  the  cases,  (b) 
By  removal  of  the  upper  wall  of  the  cyst  by  trimming  away  the  loose  epithelium 
after  the  incision  of  the  cyst.  This  will  give  a  somewhat  greater  percentage  of 
cures  than  the  first  method,  (c)  By  blunt  dissection  and  removal  of  the  cyst 
wall.  In  this  method  general  anesthesia  through  nasal  tubes  is  preferable. 
This  procedure  should  be  curative. 

Removal  of  Cysts  of  Submaxillary  Gland  or  Duct; — A  submaxillary  ranula 
that  bulges  into  the  mouth  may  be  treated  by  removal  of  that  part  of  the  cyst 
wall  which  projects  into  the  oral  cavity,  followed  by  the  suturing  of  the  raw 
edge  to  the  mucous  membrane  directly  around  it,  and  by  cauterization  of  the 
remaining  base  of  the  cyst,  all  under  local  anesthesia.  Should  the  condition 
recur,  the  removal  of  the  submaxillary  gland  through  the  external  route  should 
be  carried  out  (see  page  224).  A  cyst  of  the  submaxillary  gland  which  bulges 
externally  should  be  enucleated  by  the  external  route.  Freedom  from  recur- 
rence, however,  can  only  be  assured  by  the  removal  of  the  gland  together  with 
the  cyst  as  already  described. 

Removal  of  Cysts  of  Parotid  Gland. — Cysts  of  the  parotid  are  usually  com- 
ponent parts  of  tumors  of  the  parotid.  Their  operative  removal  is  described 
under  removal  of  the  parotid.  The  removal  of  an  ecchinococcus  cyst  should  be 
carried  out  along  the  lines  laid  down  for  the  Enucleation  of  Benign  Tumors  of 
the  Parotid. 

REMOVAL  OF  TUMORS  OF  THE   SALIVARY   GLANDS 

REMOVAL  OF  TUMORS  OF  THE  SUBLINGUAL  GLAND 

Primary  tumors  of  the  sublingual  gland  proper  are  rare.  When  the  sub- 
lingual  gland  is  affected  by  tumor  growth,  it  is  usually  by  secondary  extension 
from  a  malignant  tumor  of  the  tongue  or  floor  of  the  mouth  and  the  removal  is 
made  with  the  original  growth.  For  the  removal  of  a  benign  tumor  of  the  sub- 
lingual  gland,  see  Removal  of  Sublingual  Gland  with  Calculus. 

REMOVAL  OF  TUMORS  OF  THE  SUBMAXILLARY  GLAND 

The  tumor  is  removed  with  the  submaxillary  gland  (see  Removal  of  Sub- 
maxillary Gland  with  Calculus) . 
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1.  Enucleation  of  Benign  Tumors.  Tin-  in.-tnimenN  required  an-:  scal- 
pel, artery  forceps,  tissue  forceps,  sharp  ami  blunt  n-t  r;irt«.r~.  straight  and 
curved  scissors,  probe,  ligature  carriers,  needles  ami  needle,  holder.  General 
anesthesia  is  used. 

When  the  tumor  is  of  small  or  moderate  size,  incision  is  made  over  its  most 
prominent  part  in  the  line  of  the  facial  nerve  fibers.  When  the  capsule  is 
reached,  it  is  separated  from  the  surrounding  glandular  tissue  by  blunt  dissec- 
tion. Fairly  free  bleeding  must  be  ex- 
pected. Each  bleeding  point  must  be 
separately  caught  with  mosquito  clamps 
;n id  later  tied  with  fine  plain  catgut, 
no/ ing  to  be  controlled  by  hot  pad  pres- 
sure. When  the  tumor  is  enucleated,  it 
is  important  to  spend  some  time  in  secur- 
ing a  dry  field.  The  neighboring  parotid 
tissue  crowding  into  the  hole  left  by  the 
removal  of  the  tumor  will  obliterate  it  to 
M  marked  degree.  It  is  not  advisable  to 
put  approximating  sutures  through  the 
gland  tissue  or  into  its  capsule.  When 
hemostasis  is  satisfactory,  the  skin  edges, 
together  with  the  subcutaneous  fatty  tis- 
sue, are  carefully  approximated  with  fine 
black  silk  sutures  and  provision  made  in 
bandaging  for  moderately  firm  pressure 
over  the  wound,  thus  diminishing  the 
probability  of  the  formation  of  an  intra- 
glandular  blood-clot  and  later  of  a  sali- 
vary fistula.  The  skin  sutures  had  best  be  left  in,  if  possible,  for  8  to  10  days, 
and  light  pressure  with  bandage  kept  up  for  another  week.  A  subcuticnlar 
suture  may  be  used,  but  it  is  important  to  bring  the  whole  of  the  subcutaneous 
fatty  layer  in  apposition  over  the  wound  in  the  gland.  The  escape  of  a  few 
drops  of  saliva  between  the  stitches  in  the  first  few  dressings  does  not  neces- 
sarily indicate  the  establishment  of  a  salivary  fistula. 

For  large  benign  tumors,  owing  to  the  fact  that  they  often  grow  downward 
and  outward,  a  curved  flap  incision  is  advantageously  used,  starting  a  little 
anterior  to  the  lobule  of  the  ear  and  following  the  posterior  and  inferior  borders 
of  the  ascending  and  horizontal  ramus  of  the  jaw.  On  reflecting  such  a  flap 
on  to  the  cheek,  the  skin  and  subcutaneous  fatty  layers  alone  are  dissected  up, 
leaving  the  facial  nerve  fibers  ou  the  parotid  or  on  the  growth.  The  capsule  of 
the  tumor  is  then  located  and,  by  blunt  dissection,  the  parotid  gland  tissue  is 
pushed  away  from  it,  careful  hemostasis  being  followed  out  as  previously  stated. 


FIG.    19. — INCISION  FOR  LARGE   BENIGN  TU- 
MOR OF  THE  PAROTID. 
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Judicious  use  may  be  made  here  of  that  valuable  method  of  dissection  in  which, 
after  getting  the  separation  well  under  way  in  one  place,  and  the  capillary  ooz- 
ing in  that  part  controlled  by  pad  pressure,  an  adjoining  part  of  the  tumor  is 
similarly  attacked,  return  being  made  in  a  few  minutes  to  the  first  area,  where 
the  field  will  be  found  comparatively  dry  and  ready  for  deeper  dissection.  In 
this  way  the  outlining  dissection  will  proceed  without  waste  of  time,  the  smaller 
vessels  being  clamped  and  tied  as  seen.  The  deep  part  is  thus  left  for  the  last, 
where,  with  an  open  wound  and  the  tumor  mass  held  to  one  side,  the  deep  vessels 
can  most  clearly  be  recognized  and  dealt  with.  Where  the  facial  nerve  fibers 
can  be  recognized  running  directly  over  the  capsule  of  the  tumor,  they  can  be 
lifted  up  with  some  surrounding  cellular  tissue  to  prevent  the  bruising  of  their 
nutrient  vessels,  or  gently  pushed  out  of  the  way  upward  and  toward  the  base 
of  the  flap.  If,  after  careful  hemostasis,  any  dead  spaces  are  found,  they  should 
be  drained,  preferably  by  small  pieces  of  rubber  tissue  lightly  smeared  with 
sterile  white  vaselin.  The  skin  flaps  are  to  be  sutured  together  with  the  sub- 
cutaneous tissue,  avoiding  the  facial  nerve  fibers.  (Fig.  19.) 

The  method  in  which  the  tumor  is  first  split  open  and  removed,  without 
its  capsule,  is  not  to  be  recommended.  The  removal  of  the  capsule,  which 
has  then  to  be  undertaken,  is  apt  to  be  associated  with  much  freer  bleed- 
ing, apparently  from  the  venous  engorgement  that  follows  relief  from 
pressure. 

2.  Complete  Removal  of  the  Parotid  Gland  for  Malignant  Tumors. — The  paro- 
tid is  somewhat  saddle-shaped  astride  the  posterior  edge  of  the  ascending  ramus 
of  the  lower  jaw,  the  external  part  being  spread  out  over  the  masseter  muscle, 
the  internal,  somewhat  wedge-shaped,  reaching  almost  to  the  mucous  membrane 
of  the  pharynx.  The  superficial  part  is  covered  by  the  unyielding  deep  cervical 
fascia.  The  internal  part  has  a  very  thin  covering.  Lymphatic  glands  are  situ- 
ated on  the  parotid  as  well  as  in  the  substance  of  the  gland  arid  along  the  ex- 
ternal carotid  artery  during  its  course  through  the  parotid.  During  the  extra- 
capsular  removal  of  the  parotid  gland  the  following  structures  will  be  divided : 
The  external  carotid  artery,  branches  of  the  posterior  auricular  artery  to  the 
parotid,  the  superficial  temporal  artery  and  its  branch,  the  transverse  facial, 
the  temporal  and  internal  maxillary  veins,  the  posterior  auricular  vein,  the  ex- 
ternal jugular  vein,  branches  of  the  facial  nerve  and  branches  of  the  great 
auricular  and  auriculotemporal  nerves.  Following  this  operation,  therefore,  we 
would  have  paralysis  of  the  buccinator,  orbicularis  oris,  the  muscles  of  the  lower 
lip  and  chin,  the  orbicularis  palpebrarum,  the  levator  labii  superioris  et  anguli 
oris,  the  levator  labii  superioris  alseque  nasi,  the  small  muscles  of  the  nose,  the 
frontal  part  of  the  occipitof rontalis,  and  the  corrugator  supercilii  muscle ;  also 
anesthesia  of  the  skin  over  the  parotid  and  to  a  certain  degree  of  the  skin  over 
the  temporal  region.  As  a  result  of  this,  we  have  to  tell  the  patient  suffering 
from  a  malignant  neoplasm  of  the  parotid  that  the  proper  removal  of  the  growth 
will  be  followed  by  paralysis  of  half  of  the  face  and  by  a  certain  amount  of 
numbness  of  the  skin  as  well. 
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The  instruments  in  lie  used  are:  scalpel,  artery  forceps,  scissors,  ret  met. .rs, 
aneurysm  needle,  tissue  foreeps,  ncc<ll<-  hnMer,  needles,  and  probe. 

Parotid  tumors,  even  of  moderate  size,  stretch  out  and  distort  the  overlying 
skin  to  such  a  degree  that,  unless  allowance  for  flap  retraction  be  made  in  the 
placing  of  the  skin  incision,  the  operator  may  find  at  the  completion  of  the  op- 
eration that  the  flap  edges  come  together  in  a  different  line  from  that  desired. 
The  proper  incision  for  any  given  case  will  depend  somewhat,  therefore,  on  the 
relative  size  of  the  various  portions  of  the  tumor  which  is  to  be  removed.  In  a 
general  way  the  center  of  such  an  in- 
cision or  the  center  of  the  flap,  if  a 
trap-door  incision  be  used,  should  cor- 
respond closely  to  that  part  of  the 
wound  where  the  deepest  dissection  has 
to  be  carried  out.  If  the  tumor  is  one 
that  has  become  adherent  to  the  skin, 
the  wide  removal  of  such  adherent  por- 
tion together  with  the  tumor  is  indi- 
cated. The  least  disfiguring  of  the  vari- 
ous skin  incisions,  when  it  can  con- 
veniently be  used,  is  the  one  starting 
from  a  point  a  little  anterior  to  the 
auditory  meatus  and  curving  down- 
ward, parallel  to  and  a  little  back  of  the 
posterior  and  inferior  edges  of  the  as- 
cending and  horizontal  ramus  of  the 
jaw.  Other  incisions  of  marked  adapt- 
ability are:  (a)  A  Y-shaped  incision 
beginning  one  inch  in  front  of  and  a 
little  above  the  external  auditory 

meatus,  and  continuing  downward  to  the  angle  of  the  jaw,  prolonged  then  still 
further  downward  along  the  anterior  edge  of  the  sternomastoid  for  from  2  to 
3  in. ;  the  other  end  of  the  Y  being  an  incision  from  a  point  just  posterior  to 
the  mastoid  process  to  meet  the  previous  incision  at  the  angle  of  the  jaw.  When 
the  flaps  of  this  incision  are  dissected  back  and  retracted,  excellent  access  is 
secured  to  the  deep  part  of  the  parotid  gland  where  the  external  carotid  artery 
pierces  it,  and  to  its  deep  tongue-like  process,  which  extends  almost  to  the 
pharyngeal  mucous  membrane.  It  likewise  affords  good  access  to  the  deep 
cervical  glands,  (b)  A  T-shaped  incision,  the  vertical  part  being  in  front  of 
the  ear,  the  horizontal  part  running  forward  a  variable  distance  from  the  center 
of  the  vertical  portion.  (Figs.  20  and  21.) 

The  skin  and  superficial  fascia  are  reflected  down  to  the  parotid  fascia.  The 
anterior  part  of  the  gland  and  tumor  is  freed  from  the  underlying  masseter,  all 
vessels  being  divided  between  clamps.  Stenson's  duct  is  severed  anteriorly,  and 
a  clamp  left  on  the  tumor  side  of  the  duct  to  prevent  the  possible  escape  of 


FIG.  20. — Y-SHAPED  INCISION  FOR  REMOVAL  OF 
PAROTID  TUMOR. 
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broken-down  tumor  tissues  through  it  into  the  wound.  With  the  anterior  part 
of  the  gland  well  lifted  up,  a  clean  dissection  of  the  lower  part  is  facilitated. 
This  is  continued  below  until  the  area  of  separation  between  the  parotid  and 
submaxillary  glands  is  reached,  the  stylomandibular  ligament  separating  the 
two  at  this  point.  Dry  gauze  is  now  introduced  to  check  oozing,  and  return  is 
made  to  the  upper  part  of  the  wound  where,  after  dividing  the  superficial  tem- 
poral vessels,  the  parotid  is  freed  under  the  lobule  of  the  ear  and  back  as  far 
as  the  sternomastoid  muscle.  The  parotid  fascia,  which,  as  one  of  the  leaves  of 
the  deep  -cervical  fascia,  is  continued  over  the  sternomastoid,  is  dissected  up 

from  the  anterior  surface  of  the  muscle 
a  short  distance,  so  that  the  muscle 
belly  may  be  retracted  backward.  This 
will  give  a  good  exposure  at  the  deep 
part  of  the  parotid.  Returning  now  to 
the  lower  part  of  the  wound,  the  paro- 
tid is  lifted  well  up  and  the  external 
carotid  artery  is  sought  for.  It  is  di- 
vided between  ligatures  at  the  point 
where  it  emerges  from  under  the  pos- 
terior belly  of  the  digastric  and  the 
stylohyoid  muscle.  Elevating  the 
gland  still  further,  it  is  dissected  up 
and  freed  from  the  stylomandibular 
ligament,  the .  styloid  process  and  the 
styloid  group  of  muscles,  and  posterior- 
ly from  under  the  sternomastoid  muscle 
and  mastoid  process  of  the  temporal 
bone.  The  remaining  portion  of  the 
gland  is  then  carefully  freed  by  blunt 
dissection  from  the  internal  carotid 

artery,  internal  jugular  vein,  and  pneumbgastric  and  glossopharyngeal  nerves, 
and  from  the  temporomaxillary  joint  above.  Care  should  also  be  taken  not  to 
open  into  the  pharynx  during  the  removal  of  the  deep  part  of  the  tumor. 
Should  any  secondarily  enlarged  cervical  glands  be  palpable,  they  should,  if  the 
patient's  condition  then  warrants  it,  be  removed  at  the  same  time.  The  prolong- 
ation downward  of  the  vertical  arm  of  the  Y  skin  incision  above  described  will 
facilitate  this  part  of  the  operation.  A  small  rubber  tissue  and  gauze  cigarette 
drain  should  be  placed  in  the  deep  part  of  the  wound  and  brought  out  in  the 
lower  part  of  the  incision. 

Owing  to  the  difficulties  attendant  upon  the  complete  removal  of  the  parotid 
gland,  from  the  fact  that  the  deep  process  of  the  gland  is  overlapped  by  the 
ascending  ramus  of  the  jaw,  portions  of  the  malignant  tissue  may  easily  escape 
detection.  Zarraga  proposes  the  following  method  of  removal  of  the  parotid 
together  with  the  ascending  ramus  of  the  jaw  in  one  piece: 


FIG.  21. — T-SHAPED  INCISION  FOR  REMOVAL  OF 
PAROTID  TUMOR. 
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Through  a  trap-door  incision,  the  ascending  ramus  is  separated  from  the 
horizontal  with  the  Gigli  saw.  The  ascend  in-:  ramus  is  then  rotated  upward  and 
outward,  still  adherent  to  the  parotid,  and  the  vascular  connections  of  tin-  »Iand 
limited.  The  iihuid  is  then  dissected  free  from  all  other  attachments  and  re- 
moved together  with  all  of  the  ascending  ramus. 

While  this  method  offers  distinct  advantages  in  the  eases  where  the  bone  is 
secondarily  involved,  the  result  in-:  functional  disability  should  be  carefully  con- 
sidered; also  the  likelihood  of  a  rapid  recurrence  of  any  growth  which  has 
proceeded  to  such  an  extent  that  this  operation  would  seem  to  be  indicate"  1. 

In  order  to  secure  a  better  exposure  of  the  deep  part  «»f  the  inland  Faure 
recommends  the  removal  of  a  portion  of  the  posterior  edge  of  the  ascend iuir 
ramus  of  the  jaw,  about  1  cm.  wide,  from  the  base  of  the  condylar  process  to  the 
angle  of  the  jaw.  The  weakening  of  the  jaw  is  slight. 

FISTUKffi   OF    SALIVARY    GLANDS   OE    DUCTS 

FISTULA  OF  THE  SUBLI.\<;IAL  (I  LAND  01:    DUCT 
Fistula;  of  the  sublingual  gland  or  duct  which  open  into  the  mouth  call  for 

no  operative  treatment. 

Fistula?  of  the  sublingual  glands  or  ducts  opening  externally  are  rare.     A 

removal  of  the  sublingual  gland  through  the  mouth  would  be  the  operation  of 

choice.     (See  Eemoval  of  Calculus  of  Sublingual  Gland.) 

FlSTUL^E    OF    THE    SUBMAXILLARY    GLAND    OR   DuCT 

A  fistula  of  the  submaxillary  gland  which  opens  into  the  mouth  calls  for  no 
operative  procedure.  A  fistula  of  the  submaxillary  gland  or  duct  which  opens 
externally  had  best  be  treated  by  the  removal  of  the  submaxillary  gland  by  the 
external  route.  (See  Removal  of  Calculus  of  the  Submaxillary  Gland.) 

FISTULA  OF  THE  PAROTID  DUCT 
Operations    for    Fistulse    of    the    Buccal    Portion    of    the    Parotid    Duct. 

—  INTERNAL  FISTULA  OF  THE  BUCCAL  PORTION  OF  THE  PAROTID  DUCT. 
—These  fistulse  do  not  call  for  operative  interference  unless  the  mouth  of  the 
fistula  becomes  obstructed.  In  this  case  the  division  of  the  obstructing  tissue  is 
all  that  is  indicated. 

EXTERNAL  FISTULA  OF  THE  BUCCAL  PORTION  OF  THE  PAROTID  DUCT 
(anterior  to  the  masseter  muscle)  may  be  treated  in  one  of  several  ways : 

1.  END-TO-END  SUTURE  OF  THE  DUCT  AFTER  EXCISION  OF  THE  FISTULA. — 
This  operation,  while  feasible  in  certain  cases,  presents  no  advantages  over  the 
less  complicated  ones  to  be  next  described.  It  also  entails  a  cutaneous  incision 
in  the  cheek,  which  some  of  the  other  methods  avoid.  It  is  not  recommended. 
Should  it  be  used,  however,  a  good  result  will  be  more  certain  if  the  opening  of 
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Stenson's  duct  in  the  mouth  be  mobilized  backward  by  a  crescentic  incision 
through  the  mucous  membrane  of  the  cheek  just  anterior  to  the  opening  (Nicola- 

doni). 

2.     VON  LANGENBECK'S  OPERATION.— This  operation  converts  an  e 
into  an  internal  fistula.    By  external  incision,  Stenson's  duct  with  the  fistula  is 


FIG.  22. — STEPS  IN  VON  LANGENBECK'S  OPERATION. 

dissected  free  from  its  masseteric  bed,  back  from  the  fistula  to  the  gland,  and 
left  attached  to  the  gland.  The  free  patulous  end  is  then  passed  through  a  stab 
slit  in  the  mucous  membrane  of  the  cheek  into  the  mouth  and  there  sutured. 
The  stab  opening  is  made  in  such  a  position  that  there  will  be  no  tension  on  the 
duct  when  sutured  to  the  mucous  membrane  inside  the  mouth.  (Fig.  22.) 

3.  DE  GuisE-PiERCE-GouLD's  OPERATION. — This  operation  also  con- 
verts an  external  into  an  internal  fistula.  The  internal  fistula  is  obtained  by 
causing  a  necrosis  of  the  tissues  of  the  cheek  internal  to  the  fistula  through  the 
pressure  of  a  ligature.  The  most  convenient  method  of  performing  this  opera- 


FIG.  23. — STEPS  IN  DB  GUISE-PIEBCE-GOULD'S  OPERATION. 


FIG.  24.— KAUFMAN'S  OPERATION.    A,  Opening  made  by  trocar;  B,  insertion  of  rubber  tube;  C,  reten- 
tion of  rubber  tube;  D,  external  opening  suture. 
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tion  is  with  the  aid  of  heavy  silk  ligature,  about  ^  in.  lonir.  threaded  with  a 
Mraiiihl  nccdic  at  Imtu  ends.  Our  n.-cdlc  is  passed  into  the  Mju-nin-  of  the  ex- 
ternal fi.-fiila  and  through  the  cheek  tisSUCfi  in  a  .-lightly  forward  direction.  Be- 
fore pass  in  »•  this  needle  entirely  through,  the  other  MI,,-  is  passed  similarly  into 
the  opening  of  llie  external  fistula,  hut  in  a  backward  direction.  This  will  in- 
dude  a  somewhat  wed-e  ~lu  |>ed  piece  uf  tlBSUQ  hetween  the  '1  needles.  The 
needles  are  then  pulled  out  through  the  mouth  and  tin-  ligature  tightly  tied. 
After  the  included  tissue  \\\\<  necrosed  into  the  mouth,  the  opening  of  the  ex- 
ternal fistula  on  the  cheek  is  freshened  and  the  >kin  cdiM-s  Hitured.  I  |-'i-.  '11.  , 

4.  K .\ri--.\i AX'S  OPERATION.— This  operation,  like  the  two  preccdini:.  eon- 
verts  an  external  into  an  internal  fistula.  In  this  method  a  small  rubber  tube, 
about  o  mm.  in  thickness,  is  passed  into  the  mouth  thn»u»h  an  opening  made  by 
push iu.u1  a  trocar  through  the  tissues  of  the  cheek  from  the  external  fistula.  The 
rubber  tube  is  retained  until  epitheliali/ation  of  the  tract  is  con.-idered  to  be  well 
under  way  (2  to  3  weeks),  when  it  is  withdrawn.  The  opening  of  the  external 
fistula  is  then  freshened,  and  its  edge  united  by  suture.  (Instead  of  the  rubber 
tubing,  a  heavy  silk  cord  may  be  used.)  The  rubber  tubing  may  be  prevented 
from  slipping  in  or  out  by  fastening  a  small  safety-pin  in  the  outer  opening. 
and  placing  sterile  adhesive  plaster  over  this  to  keep  it  attached  to  the  skin  of 
the  cheek.  (Fig.  24.) 

Operations  for  Fistula  of  the  Parotid  Duct  in  the  Masseteric  Portion. — The 
length  of  the  masseteric  portion  of  the  parotid  is  about  1%  in.,  lying  on  the 
masseter  muscle  from  the  anterior  edge  of  the  gland  to  the  point  where  the 
duct  dips  through  the  buccinator  muscle. 

1.  END-TO-END  SUTURE  OF  THE  FRESHENED  ENDS  OF  THE  DUCT. — T  h  e 
cicatricial  tissue  about  the  fistula  opening  is  carefully  dissected  away,  the  proxi- 
mal and  distal  ends  being  recognized  in  the  wound.     They  are  united  with  fine 
chromicized  catgut  sutures  which  do  not  penetrate  the  lumen.     The  skin  and 
superficial  fascia  are  closely  united  over  the  duct  suture,  and  the  jaw   im- 
mobilized.   The  patient  is  fed  through  a  tube.    In  a  favorable  case  where  there 
is  no  obstruction  to  the  terminal  part  of  the  duct,  union  may  be  expected,  or  if 
slight  leakage  only  results,  gradual  closure  will  ensue.     Should  there  be  ob- 
struction in  the  terminal  part  of  the  duct,  the  obstruction  should  be  dilated  with 
graduated  probes  before  the  duct  ends  are  sutured. 

2.  SUTURE   OF  DIVIDED  ENDS  OF   THE  DUCT   AFTER   MOBILIZATION  OF 
THE   DISTAL   PORTION   OF   THE   DUCT    (NICOLADONI). — After  freshening  the 
divided  ends  of  the  duct,  as  previously  described,  the  distal  part  of  the  duct  is 
dissected  free  through  an  external  incision  as  far  as  the  caruncle.    A  crescentic 
incision  through  the  mucous  membrane  just  anterior  to  the  caruncle  will  permit 
of  the  displacement  backward  of  the  outlet  of  the  duct  for  about  1.5  cm.,  thus 
relieving  the  tension  on  the  end-to-end  suture  line.     (Fig.  25.) 

3.  VON  LANGENBECK 'S  METHOD. — If  th_  fistula  is  not  too  close  to  the  par- 
otid gland,  permitting  the  mobilization  of      sufficient  length  of  parotid  duct, 
the  method  of  von  Langenbeck,  previously  described,  may  be  selected  and  the 
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duct  passed  through  a  generous  opening  made  in  the  masseter  muscle,  either  by 
separating  its  fibers  or  dividing  them  transversely.  If  the  anterior  edge  of  the 
ascending  ramus  is  in  the  way,  it  may  be  guttered  to  the  depth  desired.  The 


FIG.  25. — NICOLADONI'S  OPERATION. 


opening  of  the  duct  will  then  be  located  just  in  front  of  the  anterior  pillar  of 
the  fauces.     (Fig.  25.) 

4.  BBAUN'S  OPEEATION. — In  this  operation  a  new  salivary  duct  is  con- 
structed lined  with  mucous  membrane  fashioned  from  the  mucous  membrane  of 
the  cheek,  as  follows: 


FIG.  26. — VON  LANGENBECK'S  OPERATION.     Duct  passed  through  masseter  muscle. 

The  fistula  is  dissected  free  from  the  subcutaneous  tissues  and  an  incision 
made  in  the  cheek,  running  forward  parallel  to  the  facial  nerve  fibers  and 
about  2  in.  long.  After  retracting  the  skin  and  subcutaneous  tissues,  the  an- 
terior edge  of  the  masseter  is  sought  for.  The  edge  will  be  the  base  of  a 
quadrilateral  flap  of  mucous  membrane,  about  1%  in-  l°ng  by  %  in-  wide, 
which  is  made  by  incising  the  mucous  and  submucous  tissues  into  the  mouth. 
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After  detachment,  the  flap  is  turned  back  over  the  anterior  edge  of  the  masseter 
and  converted  into  a  tube  by  uniting  the  upper  and  lower  edges  with  chromi- 
cized  catgut,  the  mucous  membrane  being  turned  inside.  The  opening  of  the 
fistula,  which  has  previously  been  dissected  out,  is  invaginated  into  the  free  end 
of  the  new  tube  and  there  retained  by  chromicized  catgut  sutures,  which  do  not 


FIG.  27. — INCISION  AND  VARIOUS  STEPS  IN  BRAUN'S  OPERATION. 


FIG.  27. — INCISION  AND  VARIOUS  STEPS  IN  BBAUN'S  OPERATION.— Continued. 
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FIG.  27. — INCISION  AND  VARIOUS  STEPS  IN  BRAUN'S  OPERATION. — Continued. 

penetrate  its  lumen.  The  skin  edges  are  brought  accurately  together  for  pri- 
mary union,  and  the  mucous  membrane  wound  in  the  mouth  left  to  granulate. 
If  it  is  found  that  the  flap  has  been  cut  a  little  too  short,  the  anterior  edge  of 
the  masseter  can  be  trimmed  away  to  permit  lengthening  of  the  flap,  and  if 
necessary,  a  portion  of  the  anterior  edge  of  the  ascending  ramus  can  also  be 
removed  for  the  same  purpose.  (Fig.  27.) 

5  and  6.  KAUFMAN'S  AND  DE  GUISE'S  METHODS. — These  methods,  pre- 
viously described,  can  be  used  for  fistulffi  in  the  masseteric  part  of  the  duct,  the 
tract  in  this  case  being  made  to  run  obliquely  under  the  subcutaneous  tissue  to 
the  edge  of  the  masseter  muscle,  then  piercing  the  mucous  membrane  of  the 
mouth.  (Fig.  28.) 

If  it  can  be  made  out  that  the  fistula  is  located  in  the  duct  of  the  soda 
parotidiSj  the  removal  of  this  accessory  portion  of  the  gland  would  be  indicated. 
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Operations  for  Fistulae  of  the  Glandular  Portion  of  the  Parotid  Duct.  —  If  the 
fistula  is  one  resulting  from  traumatism,  end-to-end  suture  of  the  divided 
duct,  according  to  the  lines  previously  laid  down,  should  first  be  tried.  If  a 
flow  of  saliva  is  seen  issuing  from  the  normal  orifice  of  the  duct  in  the  mouth, 
as  well  as  from  the  external  fistula,  it  may  be  assumed  that  the  external  salivary 
fistula  is  either  from  the  duct  of  the  accessory  parotid  or  from  a  branch  of  the 
main  duct.  In  such  a  case  the  removal  of  the  accessory  parotid  or  of  the  por- 
tion of  the  gland  that  feeds  the  external  fistula  would  be  indicated. 


FIG.  28. — RESULT  IN  KAUFMAN'S  AND  DE  GUISE'S  OPERATION  IN  MASSETERIC  PORTION  OF  THE  DUCT. 

AEREST  OF  THE  SECRETION  OF  THE  PAROTID. — When  other  methods  have 
failed  the  arrest  of  secretion  of  the  parotid  has  been  attempted : 

A.  BY    LlGATING    THE    PAROTID    DuCT    ON     THE    PROXIMAL     SlDE    OF    THE 

FISTULA  (BRENNAN'S  OPERATION). — This  is  done  in  the  hope  that  the  ensuing 
fibrosis  of  the  parotid  will  obliterate  the  secreting  cells  of  the  gland.  Successes 
have  been  reported  following  this  operation.  The  dangers,  however,  of  abscess 
formation  are  such  as  to  make  this  operation  a  hazardous  one. 

B.  BY  REMOVING  THE  PAROTID  GLAND. — Should  this  operation  seem  indi- 
cated, it  should  be  performed  along  lines  previously  laid  down.     Special  care 
should  be  used  to  leave  all  the  fibers  of  the  facial  nerve  possible.     (See  Removal 
of  Benign  Tumors  of  the  Parotid  Gland.) 

Operations  for  Fistula  of  the  Parotid  Gland. — Fistulas  of  the  parotid  gland 
arising  from  traumatic  causes  usually  heal  without  recourse  to  operation. 
Those  arising  from  ulcer  at  ive  processes  (tubercle,  abscesses,  etc.)  can  only  be 
cured  by  removal  of  that  portion  of  the  parotid  which  is  involved,  or  by  a  com- 
plete removal  of  the  gland.  In  such  a  case,  careful  attention  must  be  paid  to 
the  facial  nerve  fibers  that  run  on  and  through  the  gland. 

OPERATIONS  ON  THE  TONGUE  AND  FLOOR  OF  THE  MOUTH 

THE  SUTURING  OF  INCISED  WOUNDS  OF  THE  TONGUE 

In  incised  wounds  of  the  tongue  the  accompanying  hemorrhage  is  at  times 
sharp.  In  wounds  involving  the  anterior  part  of  the  tongue,  unless  one  of  the 
ranine  arteries  has  been  divided,  digital  pressure  is  usually  sufficient  to  control 
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the  bleeding  until  sutures  an-  iiitn.<liicc.l.  As  soon  after  the  injury  as  is  possi- 
ble, in  order  to  take  advantage  of  the  partial  anesthesia  present,  the  wound 
should  be  cleansed  and  the  cut  surfaces  approximated  with  deep  sutures  of  silk. 
In  children  it  may  be  found  necessary  to  insert  a  mouth  gag  and  to  resort  to 
general  anesthesia.  Owing  to  the  marked  vascularity  of  the  tongue,  portions 
which  have  been  almost  severed  from  the  main  part  may  retain  their  vitality  if 
the  raw  surfaces  are  promptly  and  carefully  cleansed  and  accurately  approxi- 
mated. Stitches  may  often  be  removed  on  the  fifth  or  sixth  day  on  account  of 
rapid  healing.  Fluid  food  only  should  be  taken,  and  through  a  tube.  Oral 
asepsis  should  be  carried  out  as  far  as  possible.  The  tongue  should  be  kept 
quiet. 

Where  extensive  laceration  of  the  tongue  has  occurred,  extending  back  into 
the  posterior  portion  and  associated  with  sharp  hemorrhage,  it  is  safer  to  resort 
to  general  anesthesia  and  to  then  expose  thoroughly  all  raw  surfaces,  tying  all 
bleeding  points  and  searching  for  any  foreign  bodies.  These  are  sometimes 
found  deeply  imbedded  after  they  have  penetrated  the  large  vessels  of  the  neck. 
Whitehead's  mouth  gag  and  the  silk  loop  through  the  tip  of  the  tongue  will 
greatly  facilitate  the  necessary  procedures.  Tracheotomy  and  the  plugging  of 
the  pharynx  to  prevent  inhalation  of  blood  may  be  required  at  any  time  during 
the  operation.  Intratracheal  anesthesia  may  be  a  distinct  help  in  these  cases  if 
the  necessary  apparatus  is  at  hand. 

REMOVAL  OF  A  FOREIGN  BODY  FROM  THE  TONGUE 

When  the  presence  of  a  foreign  body  in  the  anterior  part  of  the  tongue  is 
suspected,  as  a  piece  of  meat-bone,  fish-bone,  wood  splinter,  piece  of  sharp 
metal,  etc.,  etc.,  and  the  diagnosis  is  confirmed  by  palpation  or  by  X-ray,  the 
mouth  is  cleansed  in  the  manner  previously  outlined  under  oral  asepsis  and  the 
tongue  is  held  well  forward  with  a  piece  of  sterile  gauze.  A  few  drops  of  4  per 
cent,  novocain  solution  are  injected  hypodermically  over  the  site  of  the  greatest 
tenderness,  and  an  incision  made  down  to  the  foreign  body  with  a  scalpel. 
Digital  compression  on  either  side  of  the  incision  will  control  the  bleeding, 
which  is  otherwise  apt  to  be  troublesome  and  to  interfere  with  the  prompt  rec- 
ognition of  the  foreign  body.  The  body  should  be  removed,  if  possible,  in  the 
reverse  direction  from  that  in  which  it  entered  the  tongue.  If  the  incision  has 
been  a  large  one,  the  wound  surface  should  be  sutured  with  silk,  provision  being 
made  for  drainage;  if  a  small  one,  it  may  be  allowed  to  heal  without  suturing. 
When  the  foreign  body  is  in  the  posterior  part  of  the  tongue,  general  anesthesia 
(preferably  intratracheal)  may  be  necessary.  A  tracheotomy  set  should  be  at 
hand. 

TONGUE-TIE 

Congenital  Tongue-tie. — When  the  frenum  is  so  short  that  the  tip  of  the 
tongue  is  held  down  in  the  floor  of  the  mouth  so  that  it  cannot  be  protruded  be- 
17  B 
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yond  the  line  of  the  lower  gum,  thus  interfering  with  those  movements  of  the 
tongue  that  are  necessary  for  adequate  nursing,  the  division  of  the  short  f renum 
is  indicated.  In  dividing  it,  the  location  of  the  ranine  arteries  should  be  kept 
in  mind.  These  vessels  lie  directly  under  the  mucous  membrane  on  the  under 
surface  of  the  tip  of  the  tongue  on  either  side  of  the  frenum.  The  sublingual 
vessels  lie  in  the  floor  of  the  mouth  directly  under  the  ranine.  These  vessels 
may  be  avoided  as  follows :  After  injecting  a  few  drops  of  1  per  cent,  novocain 
solution  into  the  frenal  area,  the  tip  of  the  tongue  is  slightly  elevated  and  the 
frenal  band  simply  nicked  with  the  scalpel.  This  is  usually  sufficient  to  bring 
up  the  tip  of  the  tongue.  If  not,  the  wound  may  be  enlarged  posteriorly,  di- 
rectly in  the  midline  by  blunt  dissection,  with  the  handle  of  the  scalpel.  Should 
persistent  bleeding  occur,  a  fine  catgut  suture  on  a  small  curved  needle  should  be 
passed  directly  under  the  wound  and  tied.  The  wound  is  left  open.  The  mouth 
is  washed  6  times  a  day  with  a  saturated  boric  acid  solution. 

Operations  for  supposed  congenital  tongue  tie  are  frequently  performed 
without  sufficient  indication.  If  the  baby  can  nurse,  the  operation  should  not 
be  done  until  it  is  6  months  old.  A  history  of  hemophilia  should  always  be 
sought  for.  A  number  of  such  fatal  cases  have  been  reported. 

Acquired  Tongue-tie. — When  the  tongue,  through  nlceration  and  sub- 
sequent cicatrization,  has  become  adherent  to  the  mucous  membrane  of  the  gums 
or  cheeks,  its  separation  from  them  is  indicated.  This  may  be  done  under  local 
anesthesia,  the  incision  following  carefully  the  line  of  junction.  To  prevent  re- 
union, sterile  rubber  tissue  should  be  kept  between  the  raw  surfaces  until  the 
epithelial  formation  is  completed.  This  is  favored  by  keeping  the  mouth  as 
aseptic  as  possible. 

CONGENITAL  FORKED  TONGUE 

A  plastic  operation  may  be  indicated  in  this  condition  for  cosmetic  pur- 
poses. In  such  a  case,  after  4  per  cent,  novocain  has  been  injected  hypodermi- 
cally  into  the  field  of  operation,  the  mucous  membrane  of  the  median  surfaces  of 
the  fork  are  removed  with  scalpel  or  scissors  and  the  freshened  planes  brought 
together  with  deep  silk  sutures.  These  will  be  found  to  control  the  bleeding 
from  the  cut  surfaces.  The  after-treatment  is  that  mentioned  under  incised 
wounds  of  the  tongue. 

CELLULITIS  OR  ACUTE  ABSCESS  OF  TONGUE 

Where  acute  infection  of  the  cellular  tissue  of  the  tongue  occurs,  producing 
rapid  swelling  of  the  organ,  extension  backward  to  the  cervical  planes  should  be 
prevented  by  free  incisions  into  the  substance  of  the  tongue.  These  had  best 
be  made  in  the  long  axis  of  the  organ,  and  on  either  side  of  the  median  raphe, 
as  far  back  as  the  foramen  cecum,  if  necessary.  They  should  be  of  sufficient 
depth  so  that  the  submucous  fibrous  layer  will  be  divided  and  the  underlying 
tension  relieved.  Should  the  local  lesion  causing  infection  be  apparent,  it 
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should  either  be  removed  or  freely  incised.  If  local  anesthesia  is  not  feasible, 
owing  to  the  marked  swelling  of  the  tongue,  general  anesthesia  through  the 
nasal  tubes  should  be  resorted  to.  If  a  deep  abscess  is  located,  it  should  be 
opened  by  forcing  a  pair  of  blunt  artery  forceps  into  it,  and  kept  open  for  a 
few  days  by  a  small  piece  of  drainage  gauze. 

CHRONIC   ABSCESS    OF    THE    TONGUE 

The  mucous  membrane  over  the  most  prominent  part  of  the  abscess  is  anes- 
theti/.cd  with  sh-rilc  in  per  cent,  novocain  solution,  and  the  deeper  tissues  in- 
jected hypodermatically  with  a  4  per  cent,  solution.  The  incision  is  then  care- 
fully made  through  the  mucous  membrane  and  through  the  submucous  fibrous 
l;i\  er,  the  end  of  a  pair  of  blunt  artery  forceps  being  then  forced  into  the  abscess. 
The  opening  should  be  made  of  sufficient  size  so  that  a  liberal  gauze  drain  may 
he  introduced.  If  it  is  desired  to  remove  the  abscess  wall  or  to  curet  it,  gen- 
eral anesthesia  will  be  necessary. 

MACROGLOSSIA 

In  macroglossia,  when  the  tongue  has  reached  such  a  size  that  both  degluti- 
tion and  breathing  are  interfered  with,  a  reduction  in  the  size  of  the  organ  is 
imperative.  Rectal  anesthesia  in  the  hands  of  a  special  anesthetist  offers  many 
advantages.  If  not  available,  general  anesthesia  through  the  nasal  tubes,  or,  if 
the  case  be  an  extreme  one,  anesthesia  through  a  previously  made  tracheotomy 
opening  is  advisable.  A  silk  loop  is  passed  through  the  tip  of  the  tongue  in  the 
midline,  and  the  tongue  is  reduced  to  an  approximately  normal  size  by  the  ex- 
cision of  a  wedge-shaped  piece.  By  fashioning  the  wedge  so  that  its  apex  does 
not  quite  reach  the  floor  of  the  mouth,  the  lingual  and  ranine  vessels  and  the 
lingual  and  glossopharyngeal  nerves  will  be  avoided.  Bleeding  vessels  are  tied 
with  plain  catgut.  The  raw  surfaces  are  approximated  with  silk  sutures. 

If  the  removal  of  the  longitudinal  wedge  does  not  sufficiently  reduce  the  size 
of  the  tongue,  a  transverse  wedge  may  also  be  removed  at  the  same  time,  thn> 
shortening  up  the  tongue  as  well.  This  wedge  had  best  be  removed  from  the 
middle  portion  of  the  tongue  or  somewhat  anterior  to  this  point.  It  should  not 
extend  as  deeply  into  the  tongue  as  the  longitudinal  one. 

The  after-treatment  is  the  same  as  that  described  under  Incised  Wounds  of 
the  Tongue. 

CHRONIC    GLOSSITIS 

Butlin's  Marginal  Resection  of  the  Tongue. — In  cases  of  chronic  irritation 
of  the  tongue  where  the  margins  of  the  enlarged  organ  show  indentations  from 
contact  with  the  teeth,  together  with  spots  of  superficial  ulceration  or  leuko- 
plakia,  this  operation  is  of  distinct  prophylactic  value.  The  instruments  re- 
quired are;  moiith  gag,  scalpel,  scissors,  artery  forceps,  raoxise-toothed  forceps, 
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needle  holder,  and  curved  needles  threaded  with  silk.  A  wedge-shaped  piece  of 
the  tongue  is  removed  all  around  its  margins,  including  the  dorsal  papilla- 
bearing  part  only. 

The  technic  is  as  follows:  Under  general  anesthesia,  preferably  intra- 
tracheal,  a  silk  traction  ligature  is  passed  through  the  tongue  well  back  from 
its  tip.  The  removal  of  the  wedge  is  started  at  the  tip  by  2  incisions,  each  about 
l!/2  in.  long,  parallel  to  the  margin  of  the  tongue,  one  directly  under  the  margin 
of  the  tongue  at  its  tip,  where  the  smooth,  shiny  mucous  membrane  passes  into 
the  papillary  layer ;  the  other  on  the  upper  surface  of  the  dorsum  and  at  a  suffi- 
cient distance  from  the  margin  to  include  all  the  thickened  or  ulcerated  papillary 
edge.  These  2  incisions  are  deepened  so  as  to  meet  in  the  shape  of  a  wedge,  and 
when  this  wedge-shaped  portion  of  the  tip  is  drawn  forward  and  downward,  the 
operator  is  enabled  to  approximate  the  cut  edges  of  the  remaining  part  of  the 
tongue.  This  approximation  is  done  immediately  in  order  to  stop  the  hemor- 
rhage, and  the  silk  sutures  introduced  for  this  purpose  are  tied  and  left  long  for 
the  subsequent  convenient  handling  of  the  tongue.  By  extending  the  previous 
incisions,  other  similar  wedge-shaped  sections  are  taken  on  either  side  of  the 
first  and  similarly  sutured.  In  this  way  the  margin  of  the  tongue  is  gradually 
freed  until  a  spot  is  reached  corresponding  to  the  last  molar  tooth.  From  this 
point,  on  either  side,  the  wedge  is  made  smaller  and  smaller,  tapering  off  to 
mucous  membrane  only,  so  as  to  leave  a  flat  scar.  In  fashioning  this  wedge, 
the  incision  under  the  margin  of  the  tongue  should  follow  closely  the  junction 
between  the  smooth  lining  of  the  mucous  membrane  of  the  under  part  of  the 
tongue  and  the  papillary  layer  of  the  edge  and  dorsum.  The  marginal,  wedge- 
shaped  portion,  when  removed,  will  be  found  to  be  of  the  shape  of  the  letter  U. 
There  will  be  no  vessels  of  marked  size  in  this  tissue.  The  tongue  is  kept  as 
quiet  as  possible  for  5  or  6  days,  when  the  sutures  can  usually  be  removed.  The 
oral  cavity  is  washed  with  a  mild  antiseptic  mouth  wash  every  2  hours.  This 
operation  diminishes  considerably  the  size  of  the  tongue,  so  that  its  new  edge  is 
removed  from  contact  with  the  teeth. 

REMOVAL  OF  CYSTS  OF  THE  TONGUE 

Mucous  Cysts  of  the  Tongue. — Eetention  cysts  of  the  mucous  glands  of  the 
tongue  may  be  removed  by  blunt  dissection  after  the  injection  of  4  per  cent, 
novocain  solution  around  them,  or  the  projecting  part  of  the  cyst  may  be 
trimmed  away  in  the  manner  described  under  Cysts  of  the  Salivary  Glands. 
The  first  method  is  preferable. 

Hydatid  Cysts  of  the  Tongue  or  of  the  Floor  of  the  Mouth. — When  the  diag- 
nosis of  such  a  cyst  has  been  established,  its  complete  removal  is  indicated. 
By  injecting  4  per  cent,  novocain  solution  into  the  tissues  around  the  sac  a 
blunt  dissection  of  it  should  be  carried  out.  If  the  raw  surfaces  thus  made  are 
extensive,  they  should  be  approximated  with  silk  sutures.  If  small,  they  may 
be  allowed  to  heal  by  contraction. 
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Sublingual  Dermoids.-  A  eublingnal  dcrinoid  ran  l»<  -i  !•••  removed  through 
a  transverse  skin  incision  in  the  neck  over  the  m.i-r  prominent  pait  ..f  the 
swelling.  The  muscles  are  separated  in  the  line  of  their  iihers,  ;it  a  ri-lit  angle 
to  the  skin  incision,  until  the  capsule  of  the  tumor  is  reached.  Cnless  the  cyst 
wall  has  been  the  seat  of  an  inflammatory  process,  an  extracapsular  enuclcation 
is  easily  carried  out  by  blunt  dissection.  I  f  there  are  bands  c<>:  g  the  cyst 

with  the  hypid  bone,  these  should  be  divided  close  to  the  hyoid.  It'  henmstasis 
has  been  satisfactory  and  perfect  asepsis  has  been  maintained,  the  wound  may 
be  closed  without  drainage. 

If  the  cyst  wall  has  been  the  seat  of  a  chronic  inflammatory  process  fixing  it 
in  the  surrounding  tissues,  its  removal  will  require  careful  dissection  through  a 
wound  of  liberal  size.  In  such  a  case  it  is  better  during  the  direction  to  remove 
some  of  the  adhering  muscular  tissue  with  the  cyst  wall  rather  than  to  leave  any 
of  the  cyst  behind.  Traumatism  to  the  lingual  and  hyj>o<:lossnl  nerves  should 
be  avoided  if  possible.  A  small  rubber  tissue  and  gauze  ciuarcttr  drain  should 
be  left  in  the  wound.  Where  the  cyst  wall  is  acutely  inflamed  simple  incision 
of  the  cyst  with  the  removal  of  its  contents,  followed  by  liberal  drainage  of  its 
cellular  bed,  is  indicated.  The  resulting  sinus,  together  with  the  sac,  may  be 
excised  at  a  later  time. 

REMOVAL    OF    ANGIOMA    OF    THE    TONGUE 

If  small  or  of  moderate  size,  the  tumor  may  be  removed  after  the  injection 
of  a  sterile  4  per  cent,  novocain  solution  into  the  tissue  around  the  tumor.  The 
hemorrhage  will  not  be  troublesome  if  the  incision  is  made  everywhere  into 
sound  tissue,  unless  the  ranine  arteries  be  divided.  Deep  silk  sutures  will  con- 
trol the  bleeding  and  approximate  the  wound  edges.  If  preferred,  the  tip  of  the 
Paquelin  cautery  may  be  plunged  into  the  growth  in  several  places,  reliance 
being  placed  on  the  subsequent  obliteration  of  the  vascular  tissue  by  these  means. 

For  large  angiomata  a  preliminary  ligation  of  1  or  both  lingual  arteries 
will  be  desirable. 

Under  general  anesthesia,  preferably  intratracheal,  Whitehead's  mouth  gag 
is  introduced,  and  a  silk  loop  is  passed  through  the  tongue.  With  this  as  a 
tractor,  the  tongue  is  drawn  well  forward,  and  the  assistant  compresses  the  tis- 
sues of  the  tongue  just  outside  of  the  proposed  incision.  A  rapid  removal  of 
the  growth  is  made  with  the  scissors,  and  through  sutures  of  silk  are  immedi- 
ately introduced  and  tied.  This  is  usually  sufficient  to  check  the  bleeding  and 
to  approximate  the  raw  surfaces.  If  desired,  additional  fine  silk  sutures  may 
be  introduced  to  better  approximate  the  surface  epithelium.  A  mild  mouth 
wash  is  used  every  3  hours  until  healing  is  complete. 

REMOVAL   OF   PAPILLOMA   OF    THE    TONGUE 

After  anesthetising  the  papilloma  and  the  surrounding  tissue  by  the  ap- 
plication of  a  10  per  cent,  solution  of  novocain,  the  papilloma  is  seized  with 
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mouse-toothed  forceps  and  held  up.  With  a  pair  of  scissors,  curved  on  the  flat, 
the  growth,  together  with  the  epithelium  at  its  base,  is  removed.  Pressure  with 
gauze  for  a  few  minutes  is  usually  sufficient  to  check  the  bleeding.  A  mild 
mouth  wash  is  used  every  few  hours  until  cicatrization  is  complete. 


REMOVAL  OF  LIPOMA    IN  THE  FLOOR   OF  THE  MOUTH 

Such  a  tumor  can  best  be  removed  through  the  incision  described  under  Re- 
moval of  a  Sublingual  Dermoid. 


PRIMARY  TUBERCULOSIS   OF   THE   TONGUE 

Where  a  diagnosis  of  primary  tuberculous  ulcer  of  the  tongue  has  been 
made,  the  removal  of  the  ulcer  is  indicated.  A  wedge-shaped  incision  should 
be  made  as  described  under  Wedge-shaped  Excision  of  a  Very  Early  Malignant 
Growth  (page  247),  going  wide  of  all  affected  tissue. 

REMOVAL  OF   A  SECTION  OF  A  TONGUE  TUMOR  FOR  MICROSCOPIC 

EXAMINATION 

Where  a  tongue  tumor  is  small,  it  is  better  to  remove  the  whole  tumor 
widely  without  cutting  into  it,  rather  than  to  run  the  risk  of  spreading  some 
malignant  elements.  Should  it  prove  to  be  malignant,  the  removal  of  the 
tongue  and  of  its  lymphatic  drainage  area  would  then  follow.  Should  it  be  be- 
nign, the  proper  operative  steps  will  have  been  taken.  For  a  large  tumor,  where 
a  reasonable  doubt  may  exist,  as  in  a  supposed  carcinoma  supervening  upon  an 
old  broken-down  gumma  or  mucous  patch,  it  is  important  to  secure  a  piece  of 
sufficient  width  and  depth  so  that  a  number  of  sections  can  be  studied.  Such  a 
piece  should  include  a  good-sized  portion  of  both  base  and  edge.  The  base  of  the 
ulcer  should  first  be  anesthetized  with  a  local  application  of  a  10  per  cent, 
novocain  solution,  and  a  few  minutes  later  a  4  per  cent,  novocain  solution  should 
be  injected  well  below  the  base  of  the  indurated  portion  to  be  removed.  A  V- 
shaped  piece  should  be  excised  with  a  sharp  scalpel,  the  greatest  care  being  taken 
not  to  bruise  in  any  way  the  area  on  either  side  of  the  portion  removed.  Pres- 
sure with  gauze  will  usually  control  any  bleeding  that  may  occur.  Sutures 
should  never  be  introduced  to  narrow  the  wound.  In  a  doubtful  case  it  is  better 
not  to  trust  to  the  examination  of  a  frozen  section. 


PRELIMINARY  TRACHEOTOMY  IN  OPERATIONS  FOR   THE  REMOVAL  OF  THE 

TONGUE 

There  has  been,  and  still  is,  much  difference  of  opinion  as  to  the  expediency 
of  performing  a  preliminary  tracheotomy  in  cases  where  the  tongue  has  to  be 
removed.  It  has  been  held  that  the  postoperative  pneumonias  arose  from  blood 
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and  mucus  gaining  access  to  tin-  hm;r  dm-mir  the  operation.  On  the  other  hand, 
the  contention  lias  also  been  set  up  that  the  pneumonic  process  was  one  of  later 
origin,  from  inability  <>n  the  part  of  the  patient,  through  loss  of  some  of  the 
muscles  nmtrnllmi:  deL-lutit  ion,  to  properly  direct  the  food.  A  clear  field  in 
which  to  work,  without  having  to  halt  the  operation  every  few  seconds  in  order 
to  remove  blood  and  mucus  from  the  pharynx,  is  certainly  of  great  advantage  to 
the  operator.  On  this  account  many  surgeons  have  preferred  a  preliminary 
tracheotomy. 

The  introduction  of  intratracheal  anesthesia,  however,  is  effecting  a  change  in  this 
respect,  for  during  the  anesthesia,  neither  blood  nor  mucus  can  gain  access  to  the 

bronchial  tubes. 

If  preliminary  tracheotomy  is  performed,  it  is  a  safer  procedure  to  wait 
for  from  7  to  9  days,  or  until  the  temperature  has  reached  normal,  before  under- 
taking the  operation  on  the  tongue  or  neck. 

MALIGNANT  DISEASE  OF  THE  TONGUE 

The  operator  has  a  choice  of  3  routes  in  the  removal  of  a  malignant  tumor 
of  the  tongue:  (a)  through  the  mouth;  (b)  through  an  opening  made  by 
»livi«l ing  the  inferior  maxilla;  (c)  through  the  neck.  He  will  be  governed  in 
his  choice  by  the  size  of  the  tumor,  its  location,  the  involvement  of  neighboring 
tissues,  and  the  presence  of  glandular  swelling.  For  a  very  early  case,  where 
the  growth  seems  confined  to  the  epithelial  covering  of  the  tongue,  and  where 
there  is  no  palpable  or  probable  glandular  involvement,  a  wedge-shaped  excision 
through  the  mouth  from  %  to  1  in.  away  from  the  growth  in  all  directions, 
under  local  anesthesia,  is  indicated.  For  a  case  that  has  penetrated  the  sub- 
mucous  tissue  only,  the  removal  of  half  of  the  tongue  through  the  mouth,  leaving 
in  the  tip  if  desired,  supplemented  later  by  a  complete  extirpation  of  the  fat, 
lymphatic-bearing  and  salivary  tissues  of  the  submaxillary  and  anterior  cervical 
triangles,  is  the  method  of  choice. 

Where  the  disease  has  progressed  to  deep  induration  with  ulceration  in  the  tongue, 
a  removal  of  the  whole  tongue,  together  with  the  fat,  lymphatic  and  salivary  tissues 
in  the  submaxillary  triangle  through  an  opening  made  by  dividing  the  lower  jaw 
laterally,  presents  distinct  advantages.  Here,  also,  the  removal  of  the  tongue  is  to  be 
supplemented  by  the  clearing  out  of  all  remaining  fat  and  lymphatic  structures  in  the 
anterior  triangle  and  under  the  sternocleidomastoid  muscle.  Where  the  tumor  has  pro- 
gressed to  involvement  of  the  inferior  maxilla,  it  is  often  questionable  whether  an  ap- 
parently wide  removal  is  justifiable,  for  both  deglutition  and  respiration  are  necessarily 
interfered  with  by  the  extensive  removal  of  the  muscles  involved.  A  better  procedure 
would  seem  to  be  the  starving  of  the  growth  by  ligating  the  external  carotid  artery  and 
the  induction  of  analgesia  by  dividing  or  injecting  one  or  both  of  the  lingual  nerves. 

Wedge-shaped  Excision  of  a  Very  Early  Malignant  Growth. — Where  the 
growth  is  confined  entirely  to  the  superficial  papillary  layer  of  the  tongue — be- 
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fore  any  thickening  or  submucosal  involvement  has  occurred — this  method  is 
permissible.  The  tongue  is  held  forward  with  a  piece  of  sterile  gauze.  A  4  per 
cent,  novocain  solution  is  injected  under  the  affected  area  (not  into  it)  and  a 
wedge-shaped  piece  of  tongue  is  excised,  going  at  least  %  in.  wide  of  the 
superficial  edge  of  the  lesion  and  1  in.  below  its  surface  with  the  scissors  or 
scalpel.  Silk  sutures  are  immediately  introduced  to  control  the  bleeding  and  to 
approximate  the  cut  edges.  The  mouth  is  kept  clean  with  a  mild  mouth  wash 
used  every  2  hours.  The  sutures  can  usually  be  removed  on  the  fifth  or  sixth 

day. 

Removal  of  the  Tongue  or  One-half  of  It  Through  the  Mouth  (Whitehead's 
Operation) . — Where  the  tumor  has  not  invaded  the  deep  tissues  of  the  tongue— 
that  is,  where  the  tongue  and  tumor  are  perfectly  movable — the  removal 
through  the  mouth  by  Whitehead's  method  is  indicated.  The  position  of  the 
lingual  arteries  should  be  kept  in  mind,  lying  on  either  side,  just  under  the 
mucous  membrane  at  the  base  of  the  tongue. 

The  instruments  required  are :  mouth  gag,  cheek  retractor,  scalpel,  scissors, 
artery  clamps,  needle  holder,  needles,  and  2  large  needles  threaded  with  heavy 
silk.  A  tracheotomy  set  should  be  at  hand.  Intratracheal  anesthesia  is  made 
use  of,  if  possible. 

The  patient  is  elevated  to  a  sitting  posture.  Whitehead's  gag,  without  the 
tongue  depressor  attachment,  is  inserted,  and  a  silk  loop  is  passed  through  the 
tongue  at  a  safe  distance  from  the  growth.  Elevating  the  tongue  by  means  of 
this  loop,  the  frenum  is  cut  across  with  scissors.  The  mucous  membrane  is  then 
divided  on  both  sides,  where  it  is  reflected  onto  the  inner  surface  of  the  lower 
jaw  as  far  back  as  the  anterior  pillars  of  the  fauces.  The  muscles  at  the  base 
of  the  tongue  are  then  sectioned,  the  lingual  vessels  being  caught  as  seen.  Be- 
fore cutting  away  the  posterior  part  of  the  tongue  directly  in  front  of  the 
epiglottis,  a  silk  suture  had  best  be  passed  through  the  base  of  the  tongue  just 
anterior  to  the  epiglottis  and  left  long.  By  means  of  it  traction  may  be  exerted 
on  the  epiglottis  by  the  nurse  after  the  operation,  should  the  patient  become  cya- 
notic  or  respiratory  spasm  supervene.  Should  hemorrhage  occur  from  that  part 
of  the  tongue,  this  loop  will  help  bring  the  parts  into  view.  If  only  half  of  the 
tongue  is  to  be  removed,  the  septum  is  split  down  the  middle  after  the  frenum 
and  mucous  membrane  reflections  on  the  affected  side  have  been  freed ;  the  mus- 
cular attachments  of  the  base  of  the  tongue  on  that  side  are  then  cut  across.  The 
raw  surface  in  the  floor  of  the  mouth  may  be  painted,  if  desired,  with  styptic 
iodoform  varnish.  The  patient  should  be  carefully  watched  until  he  is  out  of  the 
anesthetic  to  prevent  the  inhalation  of  blood  or  mucus.  The  mouth  should  be 
washed  every  hour  or  so  with  equal  parts  of  solution  hydrogen  dioxid  U.  S.  P. 
and  sterile  water.  If  deglutition  is  unsatisfactory,  resort  should  be  had  within 
24  hours  to  nutrient  enemata.  As  soon  as  the  patient  can  swallow  comfortably 
and  the  postoperative  nausea  has  ceased,  the  feeding  should  be  pushed.  In  a 
few  days,  or  as  soon  as  the  patient's  condition  warrants  it,  the  submaxillary  tri- 
angle should  be  cleared  of  all  fat?  lymphatic  and  salivary  structures,  and  the 
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glands  along  the  carotid  sheath  removed.  It  is  safer  to  do  this  secondarily, 
rather  than  at  the  time  of  the  first  opcnitimi,  on  account  of  tin-  large  amount  of 
cellular  tissue  which  would  be  exposed  to  absorption. 

Statistics  seem  to  show  that  the  percentage  of  4-year  "non-recurrences"  is  greater 
after  the  Whitehead  operation  than  after  any  of  the  others.  This  is  reasonable,  for  the 
early  cases  are  the  ones  best  suited  to  this  method.  When  the  cervical  glands  have 
become  involved  in  the  malignancy  it  is  probable  that  not  more  than  5  per  cent,  reach 
the  10  year  limit.  The  most  unfavorable  cases  are  young  patients  with  rapidly  grow- 
ing tumors  and  early  glandular  involvement.  Almost  all  of  these  succumb  within 
2  or  3  years. 

Billroth's  Operation. — In  Billroth's  operation  the  tongue  is  removed  through 
an  incision  under  the  chin  following  the  lower  border  of  the  jaw  on  either  side. 
The  exposure  is  fair,  but  if  the  tumor  occupies  the  side  of  the  tongue,  there  is 
likelihood  of  its  repeated  contact  with  the  raw  surfaces  of  the  wound  during  the 
operation.  The  muscles  of  the  floor  of  the  mouth  are  damaged,  thus  interfering 
somewhat  with  deglutition. 

Removal  of  the  Tongue  Through  the  Jaw MODIFICATION  OF  THE  V.  LAN- 

GENBECK-SEDILLOT  METHOD — This  operation  is  specially  suited  to  cases  of 
carcinoma  of  the  tongue  where  the  process  has  extended  to  the  deep  part  of  the  tongue 
but  where  the  floor  of  the  mouth  and  the  lower  jaw  are  not  involved.  The  operation 
about  to  be  described  combines  the  good  features  of  the  v.  Langenbeck  and  the 
Sedillot  methods.  An  important  feature  of  the  operation  is  the  wide  exposure  that  it 
gives  of  the  affected  side  of  the  tongue,  so  that  a  clean  handling  of  both  tongue  and 
tumor  can  be  carried  out,  thus  obviating  operative  contact  between  the  tumor  and  the 
raw  surfaces  of  the  incision. 

The  relations  of  the  lingual  arteries  and  of  the  hypoglossal  nerves  (the  motor 
nerves  of  the  tongue)  should  be  kept  in  mind. 

The  instruments  to  be  used  are:  mouth  gag,  cheek  retractor,  blunt  and 
sharp  retractors,  artery  clamps,  scissors,  tissue  forceps,  drill,  bronze  wire,  Gigli 
saw,  wire  twister  and  cutter,  bone  forceps,  scalpel,  needles  and  needle  holder,  2 
needles  threaded  with  heavy  silk.  A  tracheotomy  set  should  be  at  hand.  Intra- 
tracheal  anesthesia  may  be  used  to  advantage. 

A  preliminary  ligation  of  the  lingual  artery  of  the  opposite  side  is  first 
performed  (the  lingual  artery  on  the  affected  side  is  tied  later,  during  the 
clearing  of  the  submaxillary  triangle). 

A  skin  incision  is  made  through  the  middle  of  the  lower  lip  to  the  chin, 
curving  then  over  to  the  affected  side  to  about  the  middle  of  the  anterior  border 
of  the  sternocleidomastoid  muscle.  The  flap  is  turned  back  by  dissecting  the 
soft  parts  from  the  lower  jaw  almost  to  the  angle  and  raising  the  skin  and  sub- 
cutaneous tissues  of  the  neck  flap. 

The  submaxillary  triangle  is  first  cleared  of  all  fatty,  lymphatic,  and  sali- 
vary structures,  working  from  below  upward  and  leaving  all  hanging  together. 
The  lingual  artery  on  that  side  is  ligated. 
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With  a  bone  drill  holes  are  now  bored  on  either  side  of  the  contemplated 
line  of  section,  without  reflecting  the  periosteum.  The  bone  is  divided  a  little 
anterior  to  the  junction  of  body  and  ramus  with  a  Gigli  saw ;  the  line  of  division 
being  preferably  S-shaped,  bony  surfaces  fashioned  in  this  way  showing  a 
greater  tendency  to  remain  in  contact  during  the  healing  of  the  wound.  The 
divided  portions  of  the  jaw  are  held  apart  with  retractors  and  all  raw  surfaces 
are  protected  with  gauze.  The  tongue  is  pulled  upward  by  the  silk  tractor,  its 
frenum  incised,  and  the  mucous  membrane  reflection  from  the  tongue  to  the 
lower  jaw  divided  all  around.  This  brings  the  tongue  well  out.  The  deep  mus- 
cles of  the  tongue  are  now  cut  across  on  the  floor  of  the  mouth,  leaving  the  genio- 
hyoid  and  geniohyoglossal  fibers,  if  possible.  All  vessels  are  clamped  as  seen. 
The  tongue  being  pulled  still  farther  out  of  the  wound,  its  connection  with  the 
anterior  pillars  of  the  fauces  is  severed.  This  leaves  the  posterior  attachment 
only  to  the  epiglottic  region.  A  stout  silk  suture  is  now  passed  through  the  base 
of  the  tongue  just  anterior  to  the  epiglottis,  and  the  tongue  divided  close  to  this 
suture.  All  oozing  points  are  carefully  ligated  with  plain  catgut  and  the  raw 
surfaces  washed  with  a  solution  of  hydrogen  dioxid  IT.  S.  P.  The  lower  jaw 
is  wired  and  the  wound  edges  are  approximated  with  silkworm-gut  sutures.  A 
gauze  drain  is  placed  in  the  floor  of  the  mouth  and  brought  out  through  the  lower 
part  of  the  lateral  incision  so  as  to  drain  the  mouth  and  submaxillary  fossa. 
The  same  general  postoperative  treatment  is  followed  as  that  described  under 
the  Whitehead  operation.  As  soon  as  the  patient's  condition  will  allow  of  it,  a 
block  dissection  of  the  lymphatics  in  the  neck  is  carried  out,  the  fat  and  lym- 
phatic tissue,  together  with  the  sternocleidomastoid  muscle  and  internal  jugular 
vein,  being  removed  all  in  one  piece  (Crile).  The  deep  parotid  glands  should 
also  be  removed  with  the  tip  of  the  parotid.  To  facilitate  this  work,  a  Crile 
clamp  is  temporarily  applied  to  the  common  carotid  artery  in  the  lower  part  of 
the  neck  incision.  The  removal  of  the  muscle  does  not  seem  to  weaken  the  neck 
to  any  marked  extent. 

Butlin's  method  of  clearing  out  the  lymphatic  tissue  of  the  neck  is  less  ex- 
tensive than  Crile's  in  that  the  sternocleidomastoid  muscle  is  left  behind. 

LAB  ABIE'S  METHOD. — When  the  growth  has  invaded  the  floor  of  the  mouth 
and  the  inferior  maxilla,  various  operations  are  made  use  of,  planned  according 
to  the  location  and  extent  of  the  involvement.  When  the  growth  has  spread 
from  the  under  surface  of  the  anterior  part  of  the  tongue  to  the  floor  of  the 
mouth  and  to  the  inferior  maxilla,  the  method  suggested  by  Labadie  may  be 
entertained. 

In  this  operation  the  skin  incision  extends  directly  under  the  lower  border 
of  the  jaw  between  the  masseters.  The  soft  parts  are  dissected  up  above  from 
the  bone,  the  mucous  membrane  of  the  lower  lip  being  divided  at  its  reflection 
on  to  the  gums.  A  horizontal  section  is  made  with  a  Hay's  saw  through  the 
lower  jaw  bone  about  its  middle  (or  lower  down  according  to  the  extent  of 
involvement)  and  the  upper  portion  removed  by  either  sawing  through  the  bone 
at  right  angles  to  the  horizontal  incision  at  either  end  or  by  chiseling  through  it. 
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Tin;  tongue  is  removed  from  %  to  1  in.  wide  «>f  tin-  growth.     The  expediency  of 
such  a  palliative  operation  is,  of  eonr.-e,  op*-.':  t«»  doubt. 

Anesthesia  in  Advanced  Cases.  In  the  advanced  cases  suffering  from 
eaehcxia,  where  tin-  removal  of  tin-  Ljrowth  Menu  t"  he  indicated  in  order  t., 
relieve  the  patient  from  the  constant  pain  and  foul  disehai'Lrc,  hut  where  the 
administration  of  a  general  anesthetic  >eems  c.-ntra  indicated,  the  operative 
iiei<l  may  be  anesthetized  hy  novocainizing  the  lingual  and  interior  dental  i;- 
at  their  point  of  junction.  This  is  done  through  the  month.  The  n<-edle  is  in- 
serted on  a  level  with  the  lower  jaw  just  hehind  the  la>t  molar  tooth  and  pushed 
in  slowly  to  the  depth  of  about  '5  cm.,  while  the  solution  is  heinir  injected  jihead 
of  it.  When  the  anesthesia  is  satisfactory,  the  needle  is  withdrawn.  In  addition 
to  the  above,  it  is  well  to  block  the  larger  vessels  as  they  are  encountered,  and 
if  the  dissection  is  made  as  far  back  as  the  ba.-c  of  the  tongue,  the  nm-mlar 
tissue  there  should  also  be  injected  before  it  is  sectioned. 
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REMOVAL  OF  A  PEDUNCULATED  TUMOE  OF  THE  PHARYNX 

After  anesthetising  the  pedicle  and  the  tissue  at  the  base  of  the  tumor  by 
the  injection  of  a  few  drops  of  a  4  per  cent,  solution  of  novocain,  with  the  mouth 
kept  open  by  means  of  a  Whitehead  gag,  a  silk  ligature  is  slipped  over  the 
tumor  and  tied  at  its  base,  care  being  taken  to  include  the  basal  tissue.  The 
base  is  then  cut  away  with  a  pair  of  long  scissors. 

REMOVAL  OF   A  PHARYNGEAL  TUMOR   WITH  A  BROAD  BASE 

If  the  mucous  membrane  of  the  pharynx  is  freely  movable  over  the  tumor, 
the  mass  may  usually  be  enucleated  with  ease  through  an  incision  directly  over 
the  most  prominent  part  of  the  mass.  Where  this  is  not  the  case,  the  removal  of 
the  tumor  may  be  effected  through  1  of  several  routes,  according  to  its  location. 

When  the  location  is  on  the  lateral  pharyngeal  wall  near  the  pillar  of  the 
fauces,  the  method  of  von  Langenbeck  (previously  described  under  Operations 
on  the  Tongue)  may  be  adopted. 

In  von  Mikulicz1  method  the  skin  incision  is  made  along  the  anterior  border 
of  the  sternocleidomastoid  muscle  from  the  mastoid  to  the  hyoid  bone,  and  the 
anterior  flap  reflected  well  up.  A  portion  of  the  ascending  ramus  is  resected 
without  opening  into  the  mouth,  and  the  tumor  is  then  removed  from  without, 
the  mouth  being  opened  only  at  the  last,  in  order  to  remove  the  pharyngeal 
mucous  membrane  at  a  safe  distance  from  the  growth.  Ample  gauze  drainage  is 
left  in  the  wound. 

Where  the  tumor  is  situated  posteriorly  and  low  down,  a  lateral  pharyngot- 
omy  offers  the  best  exposure. 

An  incision  is  made  from  the  mastoid  along  the  anterior  border  of  the 
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sternocleidomastoid  muscle  to  a  point  just  beyond  the  level  of  the  cricoid 
cartilage.  The  wound  is  deepened  by  blunt  dissection,  the  large  vessels  being 
held  out  of  the  way  by  blunt  retractors.  A  metal  sound  is  introduced  into  the 
pharynx  and  cut  down  upon  below  the  level  of  the  tumor.  The  edges  of  the 
pharyngeal  mucous  membrane  are  seized  with  forceps,  and  the  pharyngeal 
opening  enlarged  to  the  desired  extent  above.  The  tumor  is  dissected  out  to- 
gether with  the  affected  glands  and  all  mucous  membrane  that  may  be  found 
to  be  involved.  If  a  small  portion  only  of  mucous  membrane  has  been  removed, 
the  mucous  edges  are  best  sutured  with  chromicized  catgut.  If  the  removal  of  a 
large  portion  has  been  necessary,  it  is  better  to  introduce  a  stomach  tube  through 
the  wound  for  subsequent  feedings.  The  wound  should  be  amply  drained,  for 
even  with  generous  drainage  there  will  be  a  foul  discharge  which  will  last  until 
granulation  is  well  under  way. 

An  occasional  cure  of  a  malignant  tumor  of  the  pharynx  is  reported.  Owing  to 
the  fact  that  the  pathology  of  a  number  of  these  pharyngeal  tumors  is  not  settled, 
reliable  statistics  are  not  obtainable. 

RETROPHARYNGEAL  ABSCESS 

Where  the  abscess  when  first  seen  is  about  to  perforate  the  mucous  mem- 
brane posteriorly,  the  local  application  of  a  10  per  cent,  solution  of  novocain 
may  be  made  to  it  and  the  blades  of  a  pair  of  long,  blunt-pointed  scissors  pushed 
into  the  mass  while  the  patient  is  inverted  so  that  the  pus  will  not  be  inhaled. 
The  subsequent  secondary  infection,  however,  of  such  an  open  tract,  which  may 
lead  to  a  bone  focus  above,  is  apt  to  prove  troublesome.  For  this  reason  the 
opening  of  the  abscess  through  the  neck,  when  feasible,  offers  distinct  advan- 
tages in  the  line  of  asepsis.  The  abscess  may  be  opened  through  much  the  same 
incision  as  that  previously  described  (lateral  pharyngotomy  ) ,  except  that  the 
pharynx  is  not  opened,  the  abscess  being  entered  behind  the  posterior  pharyn- 
geal mucous  membrane.  A  rubber  drainage  tube  should  be  left  in  (fitting 
loosely  in  the  abscess  cavity),  and  it  should  not  be  removed  for  a  week  or  10 
days.  Should  it  be  withdrawn  or  should  it  fall  out  before  then,  its  proper  re- 
introduction  may  necessitate  the  giving  of  a  general  anesthetic. 

REMOVAL    OF    A   PHARYNGEAL    DIVERTICTJLUM 

For  the  removal  of  a  pharyngeal  diverticulum,  see  Diverticula  of  the 
Esophagus,  Vol.  Ill,  Chap.  X. 


CHAPTER    VI 

THE    OPERATIVE    TREATMENT    OF    TONSILS   AND    ADENOIDS 
CHARLES  E.  FARE 

GENERAL    CONSIDERATIONS 

It  may  be  confidently  stated  that  no  operation  in  the  whole  realm  of  sur- 
gery is  so  frequently  attempted  as  the  removal  of  tonsils  and  adenoids.  As 
a  corollary  to  this  statement  it  may  be  truthfully  said  that  no  operation  has  to 
its  credit  so  many  partial  or  complete  failures  to  cure  or  relieve  the  condition 
for  which  it  was  done.  This  is  not  to  be  wondered  at  when  one  considers 
that  the  operation  is  undertaken  by  innumerable  physicians  with  little  or  no 
surgical  training,  slight  knowledge  of  the  regional  anatomy,  and  nearly  com- 
plete ignorance  of  the  manipulations  necessary  to  efficient  work  in  the  re- 
stricted operative  field.  The  operation  is  really  one  of  considerable  difficulty 
and  for  thorough  work  requires  far  more  skill  than  is  generally  appreciated. 

Not  only  is  the  operation  freely  undertaken  by  utterly  untrained  men,  but  even 
the  indications  for  operation  are  of  the  vaguest.  At  the  present  time  there  is  a 
genuine  operative  furor  on  the  tonsil  and  adenoid  question.  That  every  visible 
tonsil  must  be  removed  and  that  every  child  which  opens  its  mouth  occasionally  must 
have  its  adenoids  curetted,  is  the  popular  cry.  Every  parent  knows  the  adenoid  coun- 
tenance and  regularly  inspects  the  throat  of  his  child  to  find  the  much  dreaded 
swelling  of  the  tonsils.  Unquestionably  this  wave  of  operative  enthusiasm  has  gone 
too  far  and  many  operations  have  been  needlessly  done.  There  is  bound  to  be  a 
reaction  and  a  return,  it  is  to  be  hoped,  to  a  saner  view  of  the  situation. 

The  lymphoid  tissue  of  Waldeyer's  ring,  consisting  of  the  pharyngeal  and 
lingual  tonsils  and  the  nasopharyngeal  adenoids,  differs  in  no  essential  respect 
from  lymphoid  tissue  elsewhere  in  the  body  except  in  its  exposed  situation 
and  its  peculiar  anatomical  arrangement.  Like  other  lymphoid  structures,  and 
in  much  greater  degree,  it  is  especially  subject  to  recurring  inflammatory 
attacks  of  acute  or  chronic  type  and  to  hyperplasia  from  chronic  irritation. 
This  is  very  prone  to  occur  in  the  young,  just  as  do  lymph-node  infections  and 
hyperplasias,  enlargements  of  the  spleen  and  the  ends  of  the  long  bones,  etc. 
So  far  as  can  be  determined,  this  particular  group  of  lymphoid  structures 
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has  no  function  differentiating  it  from  other  similar  structures  in  the  body 
and  its  more  or  less  complete  removal  works  no  harm  per  se  to  the  human 
economy.  The  many  thousands  of  cases  in  which  this  has  been  done  with 
only  beneficent  late  results  is  overwhelming  proof  of  the  harmlessness  of  the 
procedure.  It  only  remains,  then,  to  determine  the  rational  indications  for 
the  operation. 

TONSILLECTOMY 

Indications. — The  indications  for  the  removal  of  tonsils  are: 

(1)  Repeated  attacks  of  acute  tonsillitis. 

(2)  Marked  enlargement  of  the  tonsils. 

(3)  Chronic  infection,   as   evidenced  by  plugging  of  the  crypts,   congestion  of 
the  fauces,  ragged  appearance  of  the  tonsil,  etc. 

(4)  Recurrent  peritonsillar  abscess. 

(5)  In  persistent  diphtheria  carriers  and  those  subject  to  recurrent  attacks  of 
diphtheria. 

(6)  Suspected  cases  of  tuberculosis. 

(7)  Tumors. 

(8)  Tuberculous  or  other  chronic  enlargement  of  the  subparotid  lymph-nodes, 
without  other  obvious  cause. 

(9)  Toxemias    and    infections    originating    in    the    tonsils    but    evidenced    else- 
where.    This  is  a  large  and  rapidly  increasing  group,  including  rheumatism,  chorea 
and  endocarditis,  cryptogenic  arthritis  and  nephritis,  malnutrition  in  children,  and 
many  other  diseases.     The  diagnosis  in  this  class  of  cases  has  to  be  made  largely  by 
exclusion,  but  the  results  in  properly  selected  cases  are  exceedingly  good. 

Centra-indications. — These  are  the  same  as  for  any  minor  surgical  pro- 
cedure. Hemorrhage  and  shock  are  not  inconsiderable  in  this  operation  and 
these,  together  with  the  physical  condition  of  the  patient,  should  be  carefully 
weighed  before  even  this  apparently  trivial  operation  is  undertaken.  Hemo- 
philia, which  cannot  be  controlled  by  serum  injections,  is  an  absolute  contra- 
indication to  the  operation,  as  is  postdiphtheritic  cardiac  weakness.  It  is  un- 
wise, also,  to  operate  in  the  presence  of  an  acute  infection  of  the  ear,  nose,  or 
throat,  unless  an  acute  peritonsillar  abscess  demands  it.  The  operation  should 
not  be  done  at  the  same  time  with  other  operative  procedures,  except,  of 
course,  the  removal  of  adenoids,  or  possibly  some  trivial  affair  such  as  a 
circumcision.  Finally,  it  is  as  well  to  emphasize  that  the  burden  of  proof  lies 
with  the  indications,  not  the  centra-indications,  and  that  the  mere  ability  of 
the  operator  is  not  one  of  them. 

Anatomical  Points. — The  faucial  tonsils  are  collections  of  lymphoid  tissue 
partially  surrounded  by  a  sheath  of  connective  tissue,  the  "surgical  capsule," 
which  is  deficient  on  the  oral  surface  and  occasionally  at  the  base  or  lingual 
aspect.  The  oral  surface,  which  varies  greatly  in  size  according  to  the  depth 
the  tonsil  is  buried,  is  covered  by  mucous  membrane  only.  At  its  anterior 
d  upper  margin  there  occurs  a  fold  or  reduplication  of  this  membrane  as 
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it  passes  over  to  the  anterior  surface  of  tin-  anterior  pillar  of  the  fauces  and 
in  tliis  fold  is  contained  a  prolongation  of  tin-  ti limns  capsule  of  the  tonsil. 
This  fold  is  known  as  the  plica  trian^nlaris  and  is  the  most  important  land- 
mack  in  locating  the  anterior  mar-in  <>f  the  tonsil.  Behind  and  In-low  it  lie 
the  great  anterior  and  superior  lacuna-  ».f  the  tonsil,  respectively,  while  in 
front  of  and  external  to  it  is  the  .-harp  internal  margin  of  tin-  palat'.^lossus 
muscle,  covered  by  niUCOUS  inemhrane.  The  libers  of  the  palato-lossus  run 
vertically  from  the  soft  palate  to  the  base  of  the  tongue,  with  tin-  muscle  of 
which  they  unite.  All  structures  behind  this  muscle  belong  to  the  tonsil 
and  must  he  removed  in  perform  iny-  a  complete  eniicle:«t  ion  of 

External  to  the  capsule  of  the  tonsil  lies  the  superior  <  ..iMrictor  of  the 
pharynx,  the  fibers  of  which  run  hori/ontally,  separating  tin-  ton-il  from  the 
great  vessels  and  nerves  of  the  neck.  Posteriorly  lies  the  palatopharyngeus, 
which,  with  its  covering  of  mucous  membrane,  forms  tin-  posterior  pillar  of  the 
fauces.  The  fibers  of  this  muscle  run  vertically,  spreading  out  below  on  the 
lateral  and  posterior  walls  of  the  pharynx  and  nnitin<r  above  with  the  palato- 
glossus  to  form  the  soft  palate.  The  base  of  the  tonsil  is  occasionally  con- 
tinuous with  the  lymphoid  tissues  of  the  base  of  the  tongue  known  as  the 
lingual  tonsil,  being  separated  from  it  only  by  one  of  the  tihroiis  septa  which 
abound  in  the  tonsil  proper. 

It  is  thus  seen  that  the  tonsil  is  practically  completely  separated  from 
the  important  structures  of  the  pharynx  by  a  fibrous  sheath.  This  sheath, 
although  firmly  attached  to  the  tonsil,  is  usually  easily  freed  from  the  sur- 
rounding tissues  in  its  entirety,  and  it  is  this  fact  that  renders  the  enucleation 
of  the  tonsil  a  comparatively  simple  procedure. 

The  arterial  supply  of  the  tonsil  consists  of  branches  from  the  dorsalis 
linguae  of  the  lingual,  the  ascending  palatine  and  tonsillar  from  the  facial, 
the  ascending  pharyngeal  from  the  external  carotid,  the  descending  palatine 
from  the  internal  maxillary,  and  a  small  branch  from  the  small  meningeal. 
The  veins  unite  to  form  the  tonsillar  plexus,  which  lies  on  the  outer  surface 
of  the  capsule,  in  and  on  the  surrounding  muscles.  The  most  important  are 
those  uniting  with  the  lingual  vein  and  the  pharyngeal  plexus  below,  and  a 
large  vein  running  on  the  anterior  surface  of  the  palatopharyngeus  behind. 
The  nerves  of  the  tonsil  are  derived  from  Meckel's  ganglion  and  from  the 
glossopharyngeal,  while  those  of  the  surrounding  muscles  are  from  the  internal 
branch  of  the  spinal  accessory  through  the  pharyngeal  plexus  (Gray). 

Anatomical  anomalies  in  the  tonsillar  region  are  not  common.  Rarely  the 
internal  carotid  is  in  close  relation  to  the  outer  surface  of  the  tonsil,  and 
occasionally  a  rather  large  artery  is  seen  passing  over  its  oral  surface.  Patho- 
logical changes  are,  however,  quite  common,  due  to  syphilis  or  other  destructive 
lesions,  or  two  growths  or  disease  of  adjacent  structures.  I  have  seen  an  an- 
eurysm  of  the  internal  carotid  from  which  a  tonsil  had  been  most  skillfully 
dissected.  Such  instances,  although  rare,  should  lead  to  great  care  in  studying 
the  throat,  especially  in  adults.  Not  every  swelling  in  the  tonsillar  region  is 
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an  enlarged  tonsil.     New  growths  are  not  rare  and  any  attempt  to  enucleate 
them  by  methods  suitable  to  ordinary  tonsil  work  would  be  little  short  of 

disastrous. 

Instruments. — Tonsillectomy  is  performed  in  a  great  variety  of  ways  by 
different  operators,  and  innumerable  instruments  and  modifications  of  instru- 
ments have  been  devised  for  the  operation.  The  method  which  I  prefer  is 
Mathews'  finger  enucleation,  which  is  unsurpassed  for  simplicity,  safety,  and 


FIG.  1. — INSTRUMENTS  FOB  TONSILLECTOMY. 


celerity  of  performance.  For  it  very  few  instruments  are  needed — in  fact, 
none  are  essential.  To  facilitate  the  work,  however,  the  following  instru- 
ments have  been  found  helpful:  (1)  a  pair  of  Dowd's  curved  dissecting  scis- 
sors, (2)  Beckman's  adenoid  curet,  (3)  long-toothed  grasping  forceps  with 
automatic  catch,  (4)  short  sponge  holder,  (5)  Kocher  clamp,  (6)  McKen- 
zie's  tonsil] otome,  (7)  plain  double-ended  tongue  depressor,  (8)  mouth  gag. 
These  instruments  should  be  of  the  best  construction,  with  simple,  strong 
locks,  and  made  of  the  best  materials.  They  will  be  found  amply  sufficient 
for  the  Mathews  or  the  Sluder  operations.  For  the  latter  the  tonsillotome 
must  be  especially  strong  and  well  made,  with  a  rather  dull  blade.  For  sight 
dissections  with  instruments  the  principal  and  only  essential  addition  to  the 
above  is  a  nasal  or  pharyngeal  insufflation  apparatus  of  the  Crile  or  Junker 
type.  The  Hitz  instrument,  combining  mouth  gag,  tongue  depressor,  and 
pharyngeal  insufflator,  is  very  efficient  and  convenient.  An  aspirator  for 
blood  and  mucus  is  very  useful,  but  good  sponging  will  suffice.  If  artificial 
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light  must  be  used,  nothing  is  better  than  a  good  electric  headlight.  The 
vast  array  of  special  dissectors,  curved,  angled,  sharp,  and  blunt,  cannot  be 
described  in  this  brief  article.  They  all  seem  superfluous.  Skill  and  judg- 
ment are  better  than  a  multiplicity  of  instruments. 

Most  specialists  still  prefer  the  snare  for  the  final  step  in  removing  the 
tonsil,  and  it  is  undoubtedly  very  efficient  if  properly  used.  Beck's  tonsil- 
lectome  is  a  good  instrument,  as  is  also  Tyding^s  model  with  guide  ring. 

Anesthesia. — For  children  under  15  years,  ether  is  the  only  anesthetic  allowable. 
Chloroform  cannot  be  too  strongly  condemned  for  throat  operations.  Nitrous  oxid 
and  oxygen  are  unsafe  because  of  the  ever-present  danger  of  cyanosis.  Ethyl  chlorid 
resembles  chloroform  in  its  action  and  should  not  be  used. 

METHODS  OF  ADMINISTRATION. — For  the  rapid  methods  of  operation, 
such  as  those  of  Mathews  and  Sluder,  primary  anesthesia  induced  by  the  drop 
method  or  with  the  old-fashioned  towel  cone  is  sufficient.  For  the  sight  dis- 
section method  continuous  insufflation,  nasal,  pharyngeal,  or  intratracheal, 
and  given  by  an  expert,  is  the  only  safe  procedure. 

LOCAL  ANESTHESIA. — Local  anesthesia  may  be  used  in  those  over  15  years 
of  age,  provided  neither  the  patient  nor  the  operator  is  of  a  very  nervous  dispo- 
sition. It  is  not  entirely  without  danger.  Ten  per  cent,  cocain  in  a  weak 
adrenalin  solution  should  be  swabbed  thoroughly  over  the  fauces,  including 
the  pillars,  the  soft  palate,  and  the  posterior  pharyngeal  wall.  A  half  per 
cent,  solution  of  novocain  or  2  per  cent,  solution  of  quinin  urea  hydrochlorid 
should  then  be  freely  injected  into  the  pillars,  the  capsule  of  the  tonsil  and 
the  extratonsillar  space.  Great  pains  must  be  taken  that  none  of  the  strong 
cocain  solution  is  swallowed. 

Position  of  the  Patient. — When  local  anesthesia  has  been  used  the  upright 
position  or  semireclining  position  is  proper,  although  there  is  no  valid  objection  to 
the  reclining  position.  For  work  under  general  anesthesia  the  reclining  position  is 
the  only  safe  one.  Putting  an  anesthetized  patient  in  the  upright  position  cannot 
be  too  strongly  condemned.  It  is  little  short  of  malpractice  if  chloroform  is  used  in 
this  position. 

OPERATIVE    TECHNIC 

Mathews'  Finger  Enucleation. — With  the  patient  under  primary  ether  an- 
esthesia in  the  dorsal  position,  head  slightly  extended  and  turned  toward  the 
operator,  and  the  head  of  the  table  slightly  lowered,  the  anesthetizer  inserts  a 
mouth  gag  and  separates  the  jaws  about  1%  in.  This  must  be  done  gently  but 
firmly  in  order  not  to  injure  the  lips  or  tongue  nor  to  loosen  the  teeth.  A  good 
way  is  to  insert  the  index  finger  behind  the  teeth  and  force  the  jaws  apart 
until  the  gag  can  be  easily  inserted  on  the  side  away  from  the  operator.  The 
latter  then  inserts  his  clean  but  ungloved  left  forefinger,  palpates  the  tonsil 
on  his  side,  determining  the  sharp  lateral  margin  of  the  anterior  pillar,  and 
18  B 
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feels  upward  until  a  weak  spot  is  found  at  the  upper  anterior  angle,  the  plica 
triangularis.  Crooking  the  finger  well  beyond  a  right  angle,  a  gentle  but  firm 
stroke  is  made,  pressing  upward  and  outward  with  the  pulp,  not  the  nail,  until 
the  mucous  membrane  is  felt  to  yield.  This  is  the  whole  secret  of  success  in 
finder  enucleation.  Eough  or  careless  work  at  this  stage  is  sure  to  result  in 
expensive  laceration  of  the  pillar  or  the  tearing  of  the  tonsil  substance.  Prop- 


FIG.  2. — SEPARATION  OF  ANTERIOR  PILLAR. 

erly  done  there  should  be  no  more  traumatism  of  the  tissues  than  with  the 
most  painstaking  instrumental  dissection.  It  undoubtedly  requires  skill  of  no 
mean  order  to  find  this  weak  spot  quickly  and  by  touch  alone,  but  this  skill  is 
quickly  attained  by  anyone  having  moderate  surgical  training,  a  reasonable 
knowledge  of  the  surgical  anatomy,  and  a  desire  to  learn.  Without  these 
qualifications  no  one  is  justified  in  attempting  tonsil  work.  Certainly  instru- 
mental dissection  requires  an  equal  or  greater  amount  of  skill  and  training, 
Once  the  finger  dissection  is  started  correctly,  the  remainder  is  very  sim- 
ple indeed.  The  line  of  cleavage  opened  up  can  be  followed  by  the  most 
inexperienced  operator.  The  finger  is  passed  rapidly  between  the  anterior 
pillar  and  the  tonsil,  then  upward  over  the  upper  pole,  and  the  tonsil  is  stripped 
from  the  posterior  pillar  by  forcing  it  downward  until  it  hangs  free  in  the 
throat  by  its  vascular  pedicle.  Some  care  is  necessary  to  avoid  tearing  the 
surrounding  muscles,  but  if  one  works  parallel  to  the  muscle  fibers  no  serious 
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damage  will  be  done.  The  tonsil  may  now  be  removed  in  any  one  of  several 
ways.  The  simplest  but  not  the  easiest  is  to  sei/.o  it  with  the  thumb  and 
forefinger  and  twist  it  from  its  bed.  Considerable  force  is  required  and  the 
mucous  membrane  at  the  base  of  the  tongue  may  be  torn.  The  tonsil  is  quite 
elusive  at  this  stage  of  the  operation  and  very  slippery,  so  that  it  is  easier 
to  bring  it  forward  onto  the  base  of  the  tongue  with  the  left  forefinger  and 
grasp  it  at  its  tip,  the  superior  pole  in  the  natural  position,  with  a  long  toothed 


FIG.  3. — ENTJCLEATION  COMPLETED. 


forceps  or  a  Kocher  clamp.    A  part  of  the  capsule  as  well  as  tonsil  tissue  must 
be  grasped  to  avoid  tearing  out,  as  the  tonsil  substance  is  rather  friable. 

After  the  tonsil  is  securely  grasped  it  may  be  removed  by  cutting  across 
the  pedicle  with  a  pair  of  curved  scissors,  or  better  by  the  use  of  a  snare  or 
tonsillotome  threaded  over  the  clamp.  I  use  a  Kocher  clamp  passed  through 
the  ring  of  a  McKenzie  tonsillotome  and  have  found  it  very  satisfactory. 
The  advantages  of  the  snare  are  largely  theoretical,  and  in  the  hands  of  any 
but  an  expert  it  is  a  clumsy  instrument  for  rapid  work.  It  will  cut  an  im- 
properly freed  tonsil  in  two  about  as  readily  as  will  the  tonsillotome  and,  as 
ordinarily  used,  has  little  or  no  hemostatic  power.  Unless  3  to  5  minutes  is 
taken  for  crushing  each  pedicle,  the  knife  or  scissors  might  as  well  be  used. 
If  the  tonsillotome  is  used  the  tonsil  should  be  drawn  well  over  toward  the 
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opposite  side  of  the  throat,  the  ring  of  the  instrument  pressed  outward  firmly 
against  the  body  of  the  lower  jaw,  and  the  shaft  carried  across  the  mouth  until 
it  forms  an  angle  of  45°  with  the  jaw.  In  this  way  there  is  no  danger  of 
cutting  the  anterior  pillar,  while  at  the  same  time  the  base  of  the  tonsil 
is  completely  removed.  If  the  snare  is  used  the  loop  must  be  pressed  home 


FIG.  4. — CUTTING  THE  PEDICLE. 


around  the  pedicle  and  held  there  while  it  is  being  drawn  tight.  Hemor- 
rhage is  slight  by  either  method  and  may  usually  be  disregarded  by  a  rapid 
operator.  If  necessary,  the  mouth  and  throat  may  be  cleared  of  blood  and 
mucus  by  sponging  once,  firmly  but  quickly,  with  a  large  pad  of  gauze.  There 
is  no  time  by  this  method  for  examination  of  the  throat  at  this  stage  of 
the  operation. 

With  the  first  tonsil  removed  the  gag  is  shifted  to  the  opposite  side  and 
the  second  tonsil  attacked  in  the  same  manner,  again  using  the  left  fore- 
finger for  the  dissection.  Sponge  once,  if  necessary,  and  proceed  to  the  re- 
moval of  the  adenoids.  Care  must  be  taken  not  to  injure  the  teeth  in  shifting 
the  gag.  If  the  jaws  are  set,  merely  touch  the  fauces  with  any  instrument 
and  they  will  relax,  as  the  patient  is  rapidly  regaining  his  reflexes.  When 
the  adenoids  are  out  remove  the  gag  and  turn  the  patient  on  his  side. 
He  will  expel  his  own  blood  and  mucus,  and  the  bleeding  will  be  much 
less  than  if  sponging  is  attempted  with  its  concomitant  gagging  and  cyanosis. 
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Squeeze  the  anterior  nares  to  express  any  clots,  as  this  will  give  a  better  air- 
way. 

After  2  or  3  ininiin  >  rest  inn  it  tin-  -a-  once  more,  sponge  the  throat 
firmly,  and  examine  the  result  of  the  operation.  If  any  loose  tabs  of  mucous 
membrane  or  of  tonsil  are  seen,  they  may  ea>ily  be  pulled  off  with  tin-  Kocher 
clamp  or  a  sponge  holder.  Examine  especially  at  tin-  base  of  the  tongue,  as 
this  is  where  a  portion  of  tonsil  is  frequently  overlooked.  If  any  spurting 
vessel  is  seen  it  should  be  clamped  with  the  Koeher  clamp,  which  may  be  left 
on  for  5  minutes  and  removed  without  further  sponging.  Ligatures  are  rarely 
needed.  If  bleeding  still  persists,  the  vessel  may  he  damped  again  and  a 
suture  tied  about  its  base,  or,  better,  press  a  small  <:au/e  sponge  into  the  cav- 
ity with  the  index  finger  and  hold  it  there  firmly  for  10  minutes.  This  will 
stop  almost  any  hemorrhage.  Great  care  must  be  taken  to  give  a  free  airway, 
as  cyanosis  will  almost  surely  start  up  renewed  bleeding  from  other  vessels. 
As  a  final  measure,  in  obstinate  cases,  suture  the  pillars  over  a  small  plug  of 
gauze.  This  will  suffice  for  all  but  hemophiliacs,  in  whom  blood-serum  must 
be  given  subcutaneously  in  large  quantities  or  a  transfusion  performed.  If  all 
these  measures  fail,  the  external  carotid  on  the  affected  side  must  be  ligated, 
or  the  common  carotid,  if  very  profuse  hemorrhage  indicates  that  the  internal 
carotid  has  been  injured.  In  the  vast  majority  of  cases,  however,  the  bleeding 
is  of  venous  origin,  and  can  be  easily  controlled  by  simple  gauze  pressure. 

ADVANTAGES  OF  FINGER  ENUCLEATION.— The  advantages  of  the  finger 
method  are  many.  Very  little  ether  is  used  and  an  expert  anesthetist  is  not  essential. 
No  special  light  is  needed,  as  the  operation  is  performed  entirely  by  the  sense  of 
touch  except  for  one  look  at  the  end  of  the  procedure.  No  expert  assistant  is 
needed;  the  anesthetist  simply  holds  the  mouth  gag.  With  operators  of  equal  skill, 
traumatism  by  this  method  will  not  exceed  that  of  any  other,  nor  will  hemorrhage. 
Shock  will  be  less  than  by  the  dissection  method  with  its  prolonged  anesthesia. 
Inhalation  pneumonia  is  less  probable. 

Sluder  Method. — The  Sluder  method  requires  only  a  very  strong  tonsillo- 
tome  with  a  rather  blunt  knife.  The  operator,  standing  at  the  side  of  the 
patient  in  the  usual  position,  attacks  the  opposite  tonsil.  The  ring  is  passed 
over  the  base  of  the  tonsil  first,  and  it  is  absolutely  essential  to  the  success 
of  the  operation  that  the  entire  base  of  the  tonsil  is  engaged.  The  tonsil  is 
then  drawn  upward  and  forward  onto  the  inner  surface  of  the  mandible,  the 
shaft  of  the  instrument  being  carried  well  to  the  operator's  side,  and  by  a 
combination  of  pressure  of  the  instrument  and  counterpressure  with  the  fore- 
finger of  the  disengaged  hand  the  tonsil  is  forced  through  the  ring.  The  blade 
is  then  slowly  sent  home,  making  sure  that  every  portion  of  the  tonsil  is  en- 
tirely through  the  ring  and  that  at  the  same  time  the  anterior  pillar  is  not. 
The  blade  may  be  felt  passing  over  the  tip  of  the  forefinger,  separated  from 
it  only  by  the  thickness  of  the  pillar.  Considerable  skill  must  be  exercised  in 
this  maneuver,  as  one  may  easily  punch  a  hole  in  the  anterior  pillar  or,  on  the 
other  hand,  a  large  portion  of  the  superior  pole  of  the  tonsil  may  be  left 
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behind.  If  the  blade  is  too  sharp,  the  tonsil  will  be  merely  shaved,  while  if 
it  be  not  well  made,  the  operation  can  only  be  completed  by  much  tearing 
and  twisting,  with  considerable  danger  to  the  surrounding  structures. 

In  the  originator's  hands  the  Sluder  operation  has  been  successful  in  nearly 
all  cases,  but  in  mine,  and,  so  far  as  can  be  judged  from  the  literature,  in  the  hands 
of  others,  complete  success  is  attained  in  only  about  60  per  cent,  of  the  cases.  The 
rounded,  protruding  tonsils,  even  although  well  buried,  are  easily  removed  by  this 
method,  but  the  flat,  soft  or  very  fibrous  ones  are  difficult,  especially  if  the  pillars 
are  infiltrated. 

The  Beck  tonsillectome  consists  of  a  powerful  snare  with  a  rigid  ring 
guide.  It  is  a  useful  instrument  for  performing  the  Sluder  operation,  but 
appears  to  fail  in  the  same  class  of  cases.  The  flat,  soft,  fibrous  or  infiltrated 
tonsils  can  only  be  removed  by  some  form  of  dissection. 

Instrumental  Dissection  of  the  Tonsils. — Instrumental  dissection  of  the  ton- 
sils is  not  a  very  difficult  operation  to  one  familiar  with  the  work.  To  perform 
it  well  three  things  beside  the  skill  of  the  operator  are  necessary,  perfect  anes- 
thesia by  the  nasal,  pharyngeal  or  intratracheal  insufflation  methods,  a  skilled 
assistant,  and  perfect  lighting  of  the  field.  With  his  trained  "crew"  and  all  the 
facilities  mentioned,  a  good  operator  can  unquestionably  remove  the  tonsils  com- 
pletely and  in  good  style.  The  operation  is  usually  performed  as  follows :  With 
the  patient  in  the  dorsal  position,  head  to  one  side,  or  in  the  Rose  position,  the 
tonsil  is  seized  with  forceps  if  possible  and  drawn  toward  the  opposite  side, 
the  tongue  being  well  depressed  and  the  field  well  exposed  and  lighted.  The 
plica  triangularis  is  incised  with  a  knife  or  scissors  at  its  anterior  border, 
allowing  the  tonsil  to  be  drawn  partly  from  its  bed.  A  curved  blunt  instru- 
ment or  the  tip  of  the  forefinger  is  inserted  in  the  exposed  space  and  passed 
rapidly  above  and  external  to  the  tonsil,  which  can  then  be  readily  stripped 
from  its  bed  and  from  the  posterior  pillar  until  it  lies  free  in  the  throat  on  its 
vascular  pedicle.  The  operation  is  completed  by  the  snare,  taking  plenty  of 
time  and  making  certain  that  the  loop  is  well  placed.  Bleeding  points  are 
clamped  and  tied  if  necessary,  or  some  form  of  tonsil  hemostat  is  pressed  into 
the  cavity.  The  opposite  tonsil  is  then  removed  in  a  similar  manner. 

There  are  many  ways  of  dissecting  the  tonsil  but  the  principle  of  them  all  is 
incision  of  the  plica  triangularis  and  blunt  dissection  for  the  rest,  either  with  the 
finger  or  some  special  form  of  blunt  instrument.  It  is  decidedly  not  an  operation 
for  the  beginner  to  perform  without  supervision. 

It  is  far  more  difficult  than  the  Mathews  or  Sluder  operation  and  does 
not  offer  corresponding  advantages.  Enucleation  of  the  tonsil  is  not  unlike 
enucleation  of  the  prostate  in  many  respects,  and  just  as  sharp  dissection  of 
the  latter  by  the  perineal  method  has  been  almost  universally  abandoned  for 
the  blunt  suprapubic  method,  so  in  all  probability,  sharp  dissection  of  the 
tonsil  will  be  given  up  for  the  safer,  quicker  and  easier  blunt  method.  The 
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tendency  of  all  surgical  teehnir  is  away  tn.m  the  knife  and  toward  the  blunt 
following  of  natural  cleavage  lines. 

COMPLICATIONS    AND    RESULTS    OF    OPERATION 

Dangers.  Aside  from  the  dangers  of  hemorrhage,  shock,  and  inhalation  of 
blood  and  mucus,  there  remains  the  possibility  of  injury  to  the  uvula,  the 
])illars  and  the  tongue.  If  the  right  cleavage  plane  is  found  at  the  hr-inning 
and  followed  with  ordinary  care,  no  diifirulty  should  be  experien.-, -d  except 
in  the  infiltrated  cases.  These  are  not  easy  by  any  method,  and  only  the 
skill  attained  from  long  practice  will  obviate  an  occasional  injury  to  the 
anterior  pillar  or  failure  to  remove  the  entire  tonsil. 

The  operation  of  tonsillotomy  and  the  punch  method  will  not  be  considered 
in  this  article,  as  they  are  almost  entirely  superseded  by  the  m.ire  m.nleni 
operation  of  enucleation.  In  passing,  however,  it  may  be  said  that  even  the 
most  expert  operator  will  have  occasion  to  use  the  punch  at  times  in  the  post- 
operative period  or  later.  Tonsil  tissue  probably  never  recurs  in  the  technical 
sense,  but  it  has  the  disconcerting  habit  of  appearing  occasionally  where  it 
ought  not  to  be. 

Complications. — The  principal  complication  of  tonsillectomy  is  sepsis.  The 
cavity  left  by  operation  must  heal  by  granulation  and  all  cases  are  infected 
to  a  greater  or  less  extent.  Drainage  is  good,  however,  and  in  general  the 
reaction  to  operation  is  slight.  The  subparotid  nodes  swell  occasionally  hut 
suppuration  is  uncommon.  General  sepsis  is  a  possibility  but  must  be 
rare.  A  complicating  scarlet  fever  or  erysipelas,  although  very  rare,  is  apt 
to  be  fatal. 

Hemorrhage,  immediate  or  delayed,  is  the  most  common  complication.  It 
usually  takes  the  form  of  venous  oozing  but  may  be  arterial.  Prompt  recog- 
nition is  essential.  Treatment  consists  of  wiping  out  the  clots,  firm  gauze 
pressure,  clamping  and  ligating  the  bleeder,  or  suture  of  the  pillars  over  a  plug 
of  gauze.  It  cannot  be  too  strongly  emphasized  that  a  child  will  at  times 
bleed  even  to  a  fatal  issue  without  visible  signs  of  hemorrhage.  Constant 
watchfulness  is  the  only  safeguard.  The  usual  treatment  of  shock  must  be 
instituted  after  the  bleeding  has  been  checked,  not  forgetting  hypodermo- 
clysis  and  the  rectal  drip  of  warm  water. 

Immediate  Results. — The  immediate  results  of  tonsillectomy  are  a  sore 
throat,  with  more  or  less  severe  systemic  reaction  and  pain  behind  the  ears  and 
on  swallowing.  If  the  pillars  have  not  been  traumatized,  the  local  reaction  is 
usually  slight,  a  pseudomembrane  forming  in  the  tonsil  bed  and  healing 
taking  place  in  a  week  or  10  days.  If  the  pillars  have  been  torn,  healing  is 
considerably  delayed.  No  great  harm  seems  to  follow  removal  of  the  anterior 
pillar,  although  the  patient  may  complain  that  his  tongue  is  tied  to  the  roof 
of  his  mouth.  Without  the  support  of  the  tonsil  the  pillar  usually  fades 
out  gradually  into  the  mucous  membrane  of  the  mouth.  Injury  or  removal 
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of  the  posterior  pillar  is  said  to  result  in  more  or  less  serious  impairment  of 
the  singing  voice. 

Remote  Results. — The  remote  results  of  operation  are  excellent,  provided 
an  efficient  operation  has  been  done,  with  good  indications.  The  benefit  is 
great  and,  moreover,  lasting,  locally  and  systematically  as  well.  I  speak  feel- 
ingly from  personal  experience,  as  well  as  from  a  fairly  extensive  experience 
in  which  there  has  been  no  fatality,  no  serious  complication,  and  no  bad  re- 
sults except  some  imperfect  enucleations  and  a  few  injuries  to  the  pillars,  due 
to  lack  of  skill  and  care. 


REMOVAL  OF  PHARYNGEAL  ADENOIDS 

Indications. — The  indications  for  the  removal  of  adenoids  are  as  follows: 

(1)  Obstruction  to  normal  breathing,  as  evidenced  by  mouth  breathing,  either 
diurnal  or  nocturnal,  snoring,  night  strangling  and  crying,  excessive  drooling,  breath- 
ing difficulties  during  nursing  or  the  swallowing  of  food. 

(2)  Inflammatory  symptoms,  such  as  frequent  sore  throats,  colds  in  the  head, 
coughs,   running  nose,   repeated  otitis   media,   and  finally,  but  not   least  important, 
repeated  or  chronic  enlargement  of  the  lymph  nodes  at  the  angle  of  the  jaw.     It  is 
good  practice,  also,  to  feel  for  and  remove  any  adenoid  growth  during  the  operation 
for  tonsils,  or  any  other  minor  procedure. 

The  adenoid  countenance,  high-arch  palate,  irregular  teeth,  and  other  structural 
changes  are  secondary  to  obstructed  nasal  breathing,  may  be  due  to  other  causes 
than  adenoids,  and  may  persist  after  the  removal  of  adenoids  even  if  they  were  the 
exciting  cause.  Many  needless  operations  are  done  because  of  the  lack  of  a  careful 
examination  and  from  slovenly  diagnosis.  The  mere  presence  of  adenoids,  without 
obstructive  or  inflammatory  signs,  is  not  an  indication  for  operation. 

The  contra-indications  are  the  same  as  for  tonsillectomy. 

Anatomical  Points. — The  pharyngeal  tonsil  is  a  mass  of  adenoid  tissue 
lying  back  of  the  soft  palate,  between  the  Eustachian  tubes,  and  extending 
from  the  base  of  the  occiput  to  the  lower  edge  of  the  axis,  being  separated 
from  the  bone  by  the  pharyngeal  aponeurosis  and  the  superior  constrictor  of 
the  pharynx.  It  varies  greatly  in  shape,  from  the  flat  and  fibrous  to  the 
rounded  and  soft  protruding  mass.  Similar  but  smaller  patches  of  lymphoid 
tissue  are  to  be  found  scattered  all  over  the  pharynx  and  even  the  posterior 
surface  of  the  posterior  pillars  of  the  fauces,  from  which  it  may  readily  be 
seen  that  the  complete  removal  of  adenoid  tissue  from  the  throat  is  an  im- 
possibility. The  points  of  surgical  interest  are  the  posterior  edge  of  the 
vomer  above,  the  internal  openings  of  the  Eustachian  tubes  on  either  side,  and 
the  uvula  in  front. 

Instruments. — Many  instruments  have  been  devised  for  the  removal  of 
adenoids,  but  the  Beckman  curet  is  sufficient.  Its  cutting  edge  must  be 
sharp.  A  small  sponge  stick  is  useful  in  removing  any  tabs.  The  operation 
can  be  performed  without  an  anesthetic  or  under  local  anesthesia,  but  a  gen- 
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cral  anesthetic  is  to  be  preferred  for  children.     Tin-  preparation  is  as  for  the 
removal  of  tonsils. 

Operative  Technic.-  With  the  patient  in  the  dorsal  position,  except  when 
local  anesthesia  is  used,  in  which  case  the  upright  position  is  allowable,  and 
with  the  head  moderately  extended,  a  mouth  gag  is  inserted  and  the  jaws 
widely  separated.  The  operator's  left  forefinger  is  passed  into  the  naso- 
pharynx and  the  uvula 
hooked  out  of  the  way. 
The  curet  is  then  insert- 
ed until  the  vomer  is  felt, 
its  handle  being  de- 
pressed  as  far  as  possi- 
ble.  With  one  quick 
downward  sweep  of  the 
curet  the  main  mass  of 
adenoids  is  removed  and 
is  brought  out  clinging 
to  the  instrument.  A 
dull  curet  or  too  light 
pressure  will  only  bruise 
the  adenoids.  Too  great 
pressure  will  cause  in- 
jury to  the  pharyngeal 
aponeurosis,  or  even  the 
vertebra.  The  same  ma- 
neuver is  repeated  on 
either  side  of  the  median 
line,  pressing  the  curet 
well  over  into  the  lateral 
sulci.  Then  pass  the 

forefinger  well  up  into  the  posterior  nares  on  either  side  and  feel  for  any 
remaining  bits  of  adenoid  tissue.  These  may  also  be  removed  with  the  curet. 
Sponge  once  firmly  with  a  large  gauze  wipe  and  examine  with  the  eye  for  any 
tabs  of  adenoid  hanging  in  the  throat.  These  may  be  pulled  off  with  the  sponge 
stick  or  removed  with  any  one  of  the  numerous  adenoid  forceps.  It  is  not  good 
practice  to  wipe  out  the  nasopharynx  with  gauze  dipped  in  alcohol  or  any  other 
chemical,  as  it  will  only  tend  to  the  production  of  more  raw  surface  in  places 
where  it  should  not  be,  to  increased  inflammatory  reaction,  to  irritation  of  the 
Eustachian  tubes  and  otitis  media,  or  to  the  formation  of  very  troublesome 
adhesions.  The  purpose  of  this  gauze  scrubbing  is  to  remove  any  shreds  of 
adenoid  tissue  and  to  stop  hemorrhage,  but,  as  a  matter  of  fact,  the  bleeding 
will  cease  very  quickly  without  treatment  and  the  fragments  of  tissue  will 
slough  off  if  not  removed  by  the  curet. 

Dangers  of  Operation. — The  dangers  of  the  operation  are  from  the  aspira- 
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tion  of  blood  and  mucus.  If  the  procedure  is  carried  out  quickly  and  the 
child  is  promptly  turned  on  its  face  there  is  very  little  danger  of  aspiration. 
Aside  from  this,  there  is  always  the  possibility  of  cutting  off  the  uvula  by 
clumsv  work  or  of  injuring  the  vomer,  the  vertebrae,  or  the  Eustachian  tubes 
by  too  vigorous  use  of  the  curet.  This  is  quite  likely  to  follow  the  careless 
use  of  the  adenoid  forceps.  Prolonged  suppuration  may  follow  an  injury  to 
the  bone,  but  no  serious  harm  seems  to  ensue.  Injury  to  the  Eustachian 
orifices  is  not  a  trifling  matter,  however,  and  for  that  reason  the  use  of  the 
small  ring  curet  in  this  region  is  not  advisable. 

Complications. — The  chief  complication  of  the  operation  is  otitis  media, 
usually  a  recrudescence  of  an  old  condition.     Acute  septic  meningitis  and 


FIG.  6. — SPECIMENS  OF  TONSILS  AND  ADENOIDS  REMOVED. 

death  have  been  known  to  follow.  The  aspiration  of  blood  and  mucus  may 
lead  to  bronchopneumonia  or  to  pulmonary  gangrene  and  abscess.  Scarlet 
fever  or  erysipelas  may  occur  with  a  possibly  fatal  issue. 

Operative  Results. — The  results  of  the  removal  of  adenoids  in  young  chil- 
dren, before  bone  deformities  have  occurred,  are  excellent,  provided  the  opera- 
tion was  indicated.  Inflammatory  symptoms  are  markedly  relieved  and  the 
possibility  of  nasal  breathing  is  restored,  while,  in  time,  glandular  swellings 
at  the  angle  of  the  jaw  usually  subside  if  not  of  a  tuberculous  nature.  In 
older  children  and  adults  with  fixed  habits  of  mouth  breathing  and  with  well- 
developed  structural  changes,  it  is  not  rational  to  expect  a  complete  return 
to  normal,  nor  does  such  occur.  They  at  best  require  additional  treatment, 
operative  or  otherwise,  for  the  correction  of  structural  deformities. 


AFTER-TREATMENT  OF  ADENOID  AND  TONSIL  CASES 

The  after-treatment  in  tonsil  and  adenoid  cases  is  very  simple.  Liquids 
in  small  amounts,  frequently  repeated,  may  be  allowed  after  2  hours,  and 
soft  diet  the  following  day.  One  day  in  bed  is  usually  sufficient  if  no  com- 
plications ensue,  but  dust  and  drafts  must  be  avoided  for  at  least  a  week. 
No  local  treatment  in  young  children  is  advisable  except  a  drop  of  mentho- 
lated albolene  (%  per  cent.)  in  each  nostril  several  times  a  day.  Older 
children  and  adults  may  use  the  same  in  an  atomizer,  along  with  any  bland 
or  soothing  gargle.  The  pain  is  quite  severe  and  may  require  the  use  of 
codein  or  morphin.  Cold  applications  to  the  neck  are  helpful. 
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REMOVAL  OF  THE  LINGUAL  TONSIL 

The  lingual  tonsil  rarely  requires  operative  treatment.  It  may  be  re- 
moved by  suitably  curved  punch-forceps,  or  by  a  curet.  Ordinarily  the  appli- 
cation of  astringents  or  caustics  is  sufficient  to  relieve  symptoms. 


PERITONSILLAR    ABSCESS 

Peritonsillar  abscess  is  frequently  inefficiently  treated.  Blind  punctures  in  the 
region  where  the  pus  ought  to  be,  more  or  less  probing,  and  then  a  wait  of  a  day 
or  2  for  the  abscess  to  ripen,  is  the  usual  course  of  events.  Where  the  abscess  is 
definitely  pointing,  puncture  and  dilatation  of  the  opening  are  efficient,  but  in  the 
small,  blind  cases  it  is  much  better  to  insert  the  tip  of  the  forefinger  or  a  curved  blunt 
instrument  behind  the  anterior  pillar  and  separate  it  from  the  tonsil.  Jn  a  fairly 
large  number  of  cases  I  have  never  failed  to  find  the  pus  just  external  to  the  tonsil 
The  procedure  is  very  painful,  requiring  the  use  of  a  whiff  of  nitrous  oxid  in  the 
case  of  small  abscesses.  The  work  must  be  done  in  the  stage  of  analgesia  after  con- 
sciousness has  returned,  as  aspiration  of  pus  would  be  extremely  dangerous.  Drainage 
by  this  method  is  perfect,  and  there  is  very  slight  liability  to  the  formation  of  other 
pockets.  The  tonsil  is  practically  enucleated  and  may  be  easily  removed  if  one  is 
prepared  to  do  so.  This  has  been  done  in  a  considerable  number  of  cases,  all  with 
good  results. 

The  treatment  of  tumors  will  not  be  considered  in  this  article.  They 
are  usually  extremely  malignant  and,  if  operable,  require  the  HP-I  extrusive 
dissection  of  the  tissues  of  the  neck  and  throat.  No  operation  of  tin-  cimclea- 
tion  type  is  permissible. 
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THE    THYROID 
EUGENE  II.  POOL 

The  surgery  of  the  thyroid  gland  is  the  prototype  of  the  surgery  of  the 
glands  with  exclusive  internal  secretion.  Not  only  was  the  thyroid  the  first  of 
the  ductless  glands  to  warrant  operative  interference,  but,  by  reason  of  its 
accessibility,  the  frequency  of  its  lesions  and  the  relatively  well-defined  evidence 
of  its  malfunction,  it  has  come  to  offer  an  ever-increasing  field  of  fruitful 
surgery.  However,  in  spite  of  the  marked  progress  in  our  knowledge  of  its 
pathology  and  of  the  surgical  indications  and  operative  treatment  of  its  lesions, 
many  perplexing  features  bearing  on  the  subtleties  of  its  internal  secretion  are 
still  attached  to  the  study  of  the  physiology  of  the  gland. 

The  history  of  the  surgery  of  the  thyroid  is  peculiar  in  that  it  has  enjoyed  a 
relatively  rapid  development  through  the  efforts  of  comparatively  few  men ;  a 
review  of  its  surgery,  therefore,  comprises  for  the  most  part  a  summary  of  the 
work  of  a  small  number  of  eminent  operators  and  thinkers  who  have  been  largely 
responsible  for  the  great  advances  which  have  led  to  the  brilliant  results  at- 
tending thyroid  operations.  Among  the  conspicuous  contributors  may  be 
mentioned  Billroth,  the  Kochers,  Reverdin,  von  Eiselsbem.  0.  II.  Mayo  and 
Halsted.  An  effort  will  be  made  to  ascribe  to  the  proper  sources  well-defined 
improvements  in  technic,  but  this  cannot  always  be  done,  as  notable  develop- 
ments in  the  work  of  various  surgeons  have  often  run  parallel  or  been  synchro- 
nous, so  as  to  render  it  difficult  or  impossible  to  specify  priority.  A  general 
acknowledgment  and  tribute,  therefore,  to  these  and  other  leaders  in  this  field 
must  replace  oft-repeated  specific  references  to  their  work. 


ANATOMY  OF  THE  THYROID  AND  PARATHYROID  GLANDS 

THE     THYHOID 

Thyroid  Gland  Development. — The  thyroid  gland  appears  in  the  third  week 

of  fetal  life  as  an  epithelial  outgrowth  from  the  wall  of  the  primitive  pharynx 
between  the  buccal  and  pharyngeal  origins  of  the  tongue.     This  mass  of  tissue 
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^rows  downward  in  the  ventral  wall  of  the  neck  forming  the  thyroglossal  duct. 
At  about  the  end  of  the  second  month  the  lower  extremity  bifurcates,  forming 
what  later  becomes  the  isthmus  and  lateral  lobes.  The  assumption  which  pre- 
vailed until  recently,  that  the  gland  was  developed  from  one  median  and  two 
lateral  anlages  with  final  union  between  these  parts,  has  been  generally  aban- 
doned. With  the  bifurcation,  the  duct  tract  as  a  rule  disappears,  leaving  a 
slight  depression  on  the  tongue,  the  foramen  cecum,  just  behind  the  apex  of 
the  V-shaped  row  of  the  circumvallate  papillae  (Piersol).  Occasionally  part  of 
the  duct  persists.  Isolated  portions  may  undergo  changes  resulting  in  cysts, 
which  are  sometimes  found  in  the  adult  in  the  course  of  the  duct  (Keibel  and 
Mall,  Bailey  and  Miller). 

General  Characteristics. — The  thyroid  gland  in  man  is  composed  of  two 
lateral  lobes  united  by  an  intervening  bar,  the  isthmus.  The  isthmus  occupies 
a  transverse  position  overlying  approximately  the  second,  third,  and  fourth 
rings  of  the  trachea,  to  which  it  is  firmly  attached  by  fibrous  tissue.  The  lateral 
lobes,  one  on  each  side,  lie  close  to  the  trachea  and  larynx. 

The  gland  is  of  a  bluish  red  color,  very  vascular  and  weighs  about  30  to  40 
grams.  Each  lobe  normally  measures  about  2  in.  in  length,  1%  in.  in  breadth, 
and  %  in.  in  thickness.  The  lobes  are  roughly  pyramidal  in  shape,  and  for 
descriptive  purposes,  although  somewhat  arbitrarily,  may  be  said  to  present  3 
surfaces,  external,  internal,  and  posterior.  These  surfaces  come  together  in 
a  rounded  apex  and  a  thick  rounded  base.  The  gland  is  enveloped  in  a 
thin  fibrous  capsule,  the  "true"  or  anatomic  capsule.  Connective  tissue 
strands  from  the  inner  surface  of  this  capsule  penetrate  and  subdivide  the 
gland. 

Blood  Supply. — The  gland  receives  its  blood  supply  from  5  sources : 

Two  superior  thyroid  arteries. 

Two  inferior  thyroid  arteries. 

One  thyroidea  ima  artery,  which  is  present  in  about  10  per  cent,  of  cases. 

The  superior  thyroid  artery  arises  from  the  external  carotid,  near  its 
origin.  It  curves  downward,  forward,  and  inward,  passing  under  the  anterior 
edge  of  the  sternomastoid  muscle  and  beneath  the  anterior  belly  of  the  omohy- 
oid  to  the  upper  pole  of  the  gland.  Near  the  gland  it  divides  into  2  branches, 
anterior  and  posterior.  The  anterior,  larger  branch,  passes  along  the  mesial 
border  of  the  lobe  to  the  isthmus,  giving  off  terminal  anastomosing  branches. 
From  it  frequently  arises  a  relatively  large  branch  to  the  pyramidal  process. 
The  posterior  branch  usually  enters  the  upper  pole,  but  at  times  passes  down- 
ward upon  the  posterior  surface  before  entering  the  gland. 

The  inferior  thyroid  artery  arises  almost  always  from  the  subclavian 
artery  through  the  thyroid  axis.  It  passes  vertically  upward  to  about  the  level 
of  the  sixth  cervical  vertebra,  then  bends  behind  the  carotid  sheath,  passes  in 
front  or  behind  the  recurrent  laryngeal  nerve,  and  divides  close  to  the  gland 
into  two  terminal  branches.  "In  437  observations  the  artery  was  found  in 
front  of  the  nerve  on  the  right  side  in  41  per  cent,  and  on  the  left  in  63  per  cent. 
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In  over  10  per  cent,  of  the  cases  the  brand  so  interlaced  that  the  relation 

was  uncertain/'      (  I'iersol.) 

Thyroidea  ima  artery,  present  in  about  10  per  rent,  of  cases,  is  a  branch  of 
the  innominate  which  runs  along  the  trachea  to  the  isthmus. 

The  main  branching  of  the  thyroid  arteries  is  rhiefly  on  the  surface  of  the 
gland,  the  smaller  branches  entering  it.  Anastomoses  between  the  vessels  are 
very  free. 

Veins. — The  main  veins  of  the  thyroid  are:  -u|M-n«-r  :li\n.id,  middle  thy- 
roid, and  inferior  thy- 
roid. The  superior 
thyroid  veins,  1  or  2  on 
each  side,  leave  the  up- 
per pole  of  the  thyroid 
body  and  ascend  to  join 
the  internal  jugular  or 
common  facial  vein.  A 
middle  thyroid  vein  in 
the  average  case  issues 
from  each  lateral  lobe 
of  the  thyroid,  crosses 
the  common  carotid  ar- 
tery, and  enters  the  in- 
ternal jugular.  This 
vein  is  extremely  vari- 
able in  position;  more- 
over, it  may  be  absent 
or  may  be  represented 
by  several  veins.  The 
inferior  thyroid  veins 
are  of  large  size;  they 
are  formed  by  branches 
from  the  isthmus  and 
lateral  lobes  of  the  thy- 
roid. Their  course  is 
variable,  but  in  general 
they  descend  along  the 

trachea  to  the  innominate  trunks.    At  times  they  form  a  plexus  on  the  front  of 
the  trachea  below  the  isthmus  of  the  thyroid.    All  these  veins  anastomose  freely. 

Lymphatics. — "Plexuses  are  formed  by  the  lymph-vessels,  which  unite  to 
form  small  trunks  on  the  surface  of  the  gland,  especially  the  anterior  median 
portion  of  the  lobes.  This  lymphatic  network  becomes  much  enlarged  in  large 
colloid  goiters"  (Kocher).  The  collecting  trunks  follow  the  general  course  of 
the  veins  and  empty  into  the  superior  and  inferior  cervical  and  upper  medi- 
astinal  nodes. 


FIG.  1. — DIAGRAMMATIC  REPRESENTATION  or  THE  RELATIONS  OF  THE 
THYROID  GLAND  AND  ITS  VESSELS.  A,  Facial  vein;  B,  superior 
thyroid  artery;  C,  superior  thyroid  vein;  D,  common  carotid  ar- 
tery; E,  thyroid  cartilage;  F,  internal  jugular  vein;  G,  middle 
thyroid  vein;  H,  inferior  thyroid  artery;  I,  recurrent  laryngeal 
nerve;  J,  inferior  thyroid  veins. 
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Capsules. — The  thin  fibrous  tissue  envelope  which  incloses  and  forms  part 
of  the  gland  may  be  termed  the  anatomic  capsule.  Between  it  and  the  surgical 
capsule  is  a  layer  of  loose  connective  tissue.  The  surgical  capsule  or  the  "ex- 
ternal thyroid  capsule"  (Kocher)  is  a  thin  layer  of  the  deep  cervical  fascia 
which  surrounds  the  gland.  It  is  formed  as  follows:  The  layer  of  cervical 
fascia  which  splits  to  inclose  the  sternomastoid  muscle  gives  off  from  its  deep 
surface  one  or  two  fascial  layers  which  inclose  the  great  vessels  and  form  their 
sheath.  From  the  mesial  aspect  of  the  vessel-sheath  several  processes  arise.  One 
passes  anteriorly  in  front  of  the  thyroid,  and  joins  the  similar  layer  of  the 
opposite  side.  This  layer  extends  upward  from  the  isthmus  and  adjacent  por- 
tions of  the  thyroid  to  the  cricoid  and  lower  border  of  the  thyroid  cartilage, 
forming  a  distinct  band  called  the  anterior  thyroid  ligament.  Another  process 
from  the  vessel-sheath  passes  posterior  to  the  thyroid  and  splits  into  two  layers, 
the  anterior  of  which  lies  in  contact  with  the  posterior  surface  of  the  gland  and 
is  inserted  into  the  posterior  portion  of  the  external  surface  of  the  trachea ;  the 
posterior  passes  behind  the  esophagus  and  forms  the  prevertebral  fascia.  As  a 
result  of  the  fixation  of  the  thyroid  to  the  trachea  by  the  external  capsule,  the 
thyroid  gland  moves  with  the  trachea  during  the  act  of  swallowing.  In  the  ex- 
ternal thyroid  capsule  are  a  large  number  of  veins,  venae  accessories  (Kocher). 
The  recurrent  laryngeal  nerve,  lying  in  the  groove  between  the  esophagus  and 
the  trachea,  is  embedded  in  the  external  capsule. 

Nerve  Supply.—  "The  nerves  of  the  thyroid  gland  accompany  and  surround 
the  blood  vessels ;  they  are  derived  from  the  superior  ganglion  of  the  sympathetic 
and  from  the  superior  and  inferior  laryngeal  branches  of  the  pneumogastric. 
No  secretory  fibers  have  as  -yet  been  demonstrated"  (Kocher). 

Anatomical  Relations. — Anterior  to  the  gland,  on  each  side  of  the  median 
line,  is  the  sternothyroid  muscle,  in  front  of  which  is  the  sternohyoid.  Eun- 
ning  diagonally  across  the  upper  part  of  the  sternothyroid  is  the  anterior  belly 
of  the  omohyoid.  The  sternal  origins  of  the  sternomastoid  muscles  cover  the 
lower  parts  of  these  muscles  and  also  part  of  the  lateral  lobes  of  the  thyroid. 
The  anterior  jugular  veins  pass  from  above  downward  on  each  side  of  the 
median  line  within  the  fascial  layer  which  lies  between  the  platysma  and  the 
depressor  muscles. 

Posteriorly  and  mesially  the  gland  embraces  the  upper  end  of  the  trachea 
and  part  of  the  larynx.  The  isthmus  usually  lies  on  the  second,  third,  and 
fourth  tracheal  rings.  The  lateral  lobes  extend  downward  as  far  as  the  sixth 
ring,  upward  to  the  middle  third  of  the  thyroid  cartilage,  and  backward  as  far 
as  the  esophagus.  Posterior  to  the  lower  part  of  each  lateral  lobe  lie  the  in- 
ferior thyroid  artery  and  recurrent  laryngeal  nerve,  and  behind  the  upper  pole 
is  the  posterior  branch  of  the  superior  thyroid  artery.  The  parathyroids  also 
lie  behind  the  lateral  lobes ;  their  positions  will  be  described  later.  External 
to  the  lateral  lobes  is  the  carotid  sheath  containing  the  carotid  artery,  vagus 
nerve  and  internal  jugular  vein. 

When    the   thyroid   enlarges,    its    relationship   to    neighboring    structures 


ANATOMY    OF    THYROID    AND    PAItATl!  YKoID    (ILAXI)S    273 

changes.  If  enlargement  is  forward  or  upward,  tin-  »oiter  Mretrhe-  and  sepa- 
rates the  muscles  overlying  it.  If  enlargement  is  lateral,  the  carotid  sheath  and 
its  contents  are  displaced.  In  a  large  goiter  the  artery  may  be  pushed  outward 
behind  the  vein  while  the  vein  becomes  spread  out  upon  the  side  of  tin-  tumor  or 
may  even  lie  upon  its  anterior  surface.  In  extreme  cases  the  artery  and  vein 
may  be  separated  by  a  considerable  interval,  the  vein  lying  in  front  of  and 
nearer  the  median  line  than  the  artery.  Hence  it  does  n..t  follow  that  the  pulsa- 
tion of  the  artery  will  necessarily  indicate  the  position  of  the  vein.  A  knowledge 
of  the  possibility  of  this  altered  relation  is  essential.  Liieki  L'ives  the  following 
explanation:  Veins  which  pass  from  the  thyroid  to  the  internal  jugular 
limit  the  displacement  of  the  latter,  whereas  the  artery  is  not  similarly  re- 
stricted. The  position  of  the  recurrent  laryngeal  nerve  may  be  altered  by  the 
growth.  Ordinarily  it  is  pushed  backward  and  inward  and  lies  in  the  furrow 
between  the  trachea  and  esophagus;  rarely  it  is  spread  out  over  the  posterior 
surface  of  the  tumor. 

Anomalies  of  the  Thyroid  Gland. — In  rare  cases  one  lobe  or  even  more  of 
the  thyroid  is  absent;  the  isthmus  is  absent  in  about  10  per  cent,  of  cases  ( Pier 
sol).  A  pyramidal  process,  occasionally  double,  is  present  in  about  50  per  cent. 
of  cases.  It  is  an  elongated  mass  of  thyroid  tissue  projecting  upward  from 
the  isthmus  lying  in  or  near  the  mid  line.  It  may  reach  as  far  as  the  hyoid 
bone. 

Accessory  thyroids  are  isolated  masses  of  thyroid  tissue  of  variable  size 
which  occasionally  occur  in  the  neck  in  addition  to  the  normal  thyroid  body. 
They  are  really  supernumerary  thyroids.  When  connected  with  the  thyroid 
gland,  they  are  termed  pseudo-accessory  thyroids;  when  at  a  considerable 
distance  from  the  thyroid,  they  are  termed  aberrant  (wandering)  thyroids. 
They  are  found  chiefly  in  the  following  regions:  superiorly,  along  the 
track  of  the  obliterated  thyroglossal  duct;  inferiorly,  within  the  medias- 
tinum; laterally,  between  the  carotid  sheath  and  the  lateral  lobe.  Aber- 
rant masses  are  also  found  in  a  variety  of  other  positions,  such  as  the 
submaxillary  region.  Accessory  and  aberrant  thyroids  may  present  the 
same  lesions  as  the  thyroid  itself.  Of  particular  surgical  importance  in 
connection  with  accessory  thyroids  are  those  which  occur  in  the  tongue  and 
those  which  give  rise  to  intrathoracic  goiters. 

THE     PARATHYROID    BODIES 

The  parathyroids  or  "epithelial  bodies"  (Kohn)  are  branchial  cleft  de- 
rivatives. In  man  and  most  mammals  they  develop  from  the  third  and  fourth 
branchial  clefts  of  each  side  as  masses  of  compact  epithelial  cells.  They  are  as 
a  rule  4  in  number,  but  their  exact  enumeration  in  an  individual  case  is  often 
difficult  because  of  their  small  size,  variable  position,  and  similarity  in  gross 
appearance  to  other  tissues. 

Histologically  these  organs  consist  of  a  mass  of  cells  (Figs.  2,  3)  invested 
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with  a  thin  fibrous  capsule.     The  gland  has  a  reticular  stroma  and  is  strikingly 

vascular. 

The  occurrence  of  the  glands  in  pairs  is  the  typical  arrangement,  a  superior 
(external)  and  an  inferior  (internal)  hody  being  present  on  each  side.  The 
following  are  the  most  frequent  situations,  although  variations  from  these  posi- 
tions are  frequent.  The  superior  lies  close  to  the  thyroid  on  the  middle  third 
of  its  posterior  surface,  approximately  on  the  level  of  the  lower  border  of  the 

cricoid  cartilage.  It  lies  on  a  plane  posterior 
and  external  to  the  terminal  branches  of  the 
inferior  thyroid  artery  and  recurrent  laryn- 
geal  nerve. 

The  inferior  lies  most  often  on  the  pos- 
terior aspect  of  the  lower  third  of  the  thy- 
roid, in  which  case  it  is  frequently  found 
anterior  to  the  recurrent  laryngeal  nerve  and 
inferior  thyroid  artery,  close  to  the  thyroid 
gland  at  the  entrance  of  the  lower  branches 
of  the  artery.  The  gland  also  may  lie  at  or 
below  the  inferior  pole  of  the  thyroid. 

Accessory  organs,  that  is,  small  accumu- 
lations of  characteristic  parathyroid  cells, 
have  been  found  not  infrequently,  especially 
below  the  thyroid,  within  the  thymus  and 
even  within  the  thyroid  (Getzowa). 

The  parathyroid  glands  lie  outside  of  the 
thyroid,  from  which  they  are  separated  by 
portions  of  the  external  capsule,  yet  one  or 
more  may  be  beneath  this  capsule,  but  rarely 
imbedded  in  the  substance  of  the  gland. 

The  size  of  the  organ  varies  from  about 
3  mm.  to  15  mm.,  the  average  being  about 
6  by  4  by  2  mm.  (Berkeley).  The  bodies  are  usually  somewhat  flattened, 
and  may  be  of  various  shapes,  but  especially  round,  oval,  or  reniform.  The 
color  is  a  peculiar  yellowish  brown. 

The  blood  supply  of  the  gland  (Fig.  4)  is  described  by  Halsted  and  Evans 
as  follows : 


FIG.  4. — POSTERIOR  ASPECT  or  LATERAL 
LOBES  OF  THYROID  SHOWING  POSI- 
TIONS IN  WHICH  THE  PARATHYROID 
GLANDS  FREQUENTLY  OCCUR.  The 
blood  supply  of  the  parathyroids  is 
represented  diagrammatically  accord- 
ing to  the  description  of  Halsted  and 
Evans. 


"In  practically  every  case  studied,  the  lower  parathyroid  artery  came  from  a 
prominent  branch  of  the  inferior  thyroid  artery.  The  actual  number  of  observa- 
tions was  nineteen.  The  upper  parathyroid  gland  invariably  has  a  short  artery  of 
supply  which  may  rise  from  one  of  the  main  branches  of  the  inferior  thyroid  or  from 
an  anastomosing  ramus  joining  the  superior  and  inferior  thyroid  arteries.  A  very 
prominent  anastomosing  channel  was  found  along  the  posterior  margin  of  the  lateral 
thyroi4  lobe  in  eight  of  twenty  instances,  and  in  these  cases  the  superior  parathyroid 
artery  was  a  short  branch  from  this  channel." 
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HYPERTHYROIDISM  OR  THYROTOXICOSIS 

Hyperthyroidiwn  or  thyn.to xicosis  is  "the  constitutional  state  associated, 
with  goiter"  and  presumably  due,  in  part  at  least,  id  intoxication.    The 

terms  include  the  toxemias  at  times  noted  in  the  course  of  simple  goiter,  as  well 
as  the  systemic  disturbances  occurring  in  exophthalmic  p»it»-r.  As  Plummer 
states,  the  two  conditions  should  be  differentiated.  To  avoid  confusion,  we  will 
use  the  term  "exophthalmic  goiter"  instead  <>f  ••hyperthyroidiam"  in  the  con- 
sideration of  the  condition  about  to  be  described. 


EXOPHTHALMIC    GOITER 

General  Considerations. — Exophthalmic  goiter  (Graves'  disease,  Basedow's 
disease)  consists  in  a  peculiarly  variable  group  of  symptoms,  the  chief  of  which 
are  enlargement  of  the  thyroid,  exophthalmos,  tachycardia,  and  tremor.  With 
these  are  associated  numerous  others  less  striking  and  less  characteristic,  such 
as  emaciation,  muscular  weakness,  excitability  and  disturbances  of  the  digestive 
organs  and  vasomotor  system.  Not  only  is  the  grouping  of  the  symptoms  ex- 
ceedingly variable  but  likewise  the  order  of  their  development.  In  a  well- 
marked  case  all  of  the  cardinal  symptoms  may  be  conspicuous  and  the  diagnosis 
unquestionable ;  on  the  other  hand,  in  early  cases  or  incomplete  (fruste)  types 
of  the  disease  the  symptom-complex  may  be  such  as  to  render  diagnosis  difficult 
and  perhaps  only  possible  by  an  exceptionally  acute  and  trained  observer. 
Thus,  we  have  the  two  extremes:  the  well-marked  case  with  exophthalmos, 
goiter,  tachycardia,  tremor,  emaciation,  and  the  suggestive  blood  changes,  and, 
in  contrast  to  this,  the  case  presenting  few  symptoms,  such  as  tachycardia, 
emaciation,  and  muscular  weakness,  with  doubtful  or  negative  blood  findings 
and  no  suggestion  of  enlargement  of  the  thyroid  or  exophthalmos.  Between 
these  extremes  there  are  all  possible  gradations  and  combinations  of  symptoms. 
The  onset  of  the  disease  is  usually  relatively  acute,  and  its  course  chronic, 
characterized  by  remissions  and  exacerbations. 

The  symptoms  which  comprise  the  disease  were  ascribed  for  many  years  ex- 
clusively to  overactivity  of  the  thyroid  gland  with  increased  production  and  ab- 
sorption of  its  secretion,  and  upon  this  interpretation  of  the  disease  has  been 
based  its  surgical  treatment.  But  of  late  there  has  developed  a  feeling  of  op- 
position to  this  long-accepted  theory,  many  observers  being  inclined  to  dis- 
credit the  thyroid  as  the  unique  and  all-important  cause  of  the  symptoms. 
Recent  investigations  seem  to  show  a  close  connection  in  exophthalmic  goiter 
between  the  thyroid  and  other  organs.  To  persistence  of  the  thymus  has  been 
attributed  an  important  part  in  the  pathogenesis  of  the  disease,  while  various 
observers  attach  importance  to  the  relationship  which  they  consider  has  been 
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established  between  the  increased  activity  of  the  thyroid  and  the  pituitary, 
pancreas,  and  chromaffin  system,  especially  the  adrenals.  The  investigations 
upon  which  these  opinions  are  based  are  suggestive  of  findings  which  will 
modify  the  long-accepted  interpretation  of  exophthalmic  goiter.  They  point 
especially  to  the  possibility  that  the  thymus  plays  an  important  role  throughout 
the  course  of  the  disease  and  that  the  symptom-complex  is  modified  by  con- 
comitant functional  derangements  of  other  ductless  glands,  or  is  due  to  poly- 
glandular  hyperactivity  or  lack  of  balance.  However,  a  pall  of  confusion  is  at 
present  spread  over  the  whole  question  of  the  origin  of  the  disease.  It  is  of  vital 
importance  that  we  should  know  what  symptoms  are  due  to  hyperthyroidism, 
hypothyroidism,  and  dysthyroidism,  and  how  and  to  what  extent  other  glands 
modify  these  symptoms.  Efforts  are  constantly  being  directed  toward  the  solu- 
tion of  these  problems  by  experimental  pathological,  physiological,  and  clinical 
studies.  With  greater  knowledge  more  exact  indications  for  treatment  doubt- 
less will  be  possible.  But  while  investigators  appear  to  be  on  the  threshold  of  a 
more  intimate  understanding  of  internal  secretions,  and  especially  of  their 
associated  interactions,  as  yet  facts  bearing  upon  this  phase  of  the  subject  are 
not  sufficiently  established  to  influence  materially  our  practical  attitude  toward 
the  operative  treatment  of  the  disease. 

Before  entering  into  considerations  of  treatment  it  is  necessary  to  define  the 
interpretation  of  the  disease  upon  which  are  based  the  therapeutic  measures 
advocated  and  practiced  at  the  present  time.  Without  going  into  the  intricacies 
of  the  discussion,  it  may  be  assumed  that  in  this  disease  the  structure  of  the 
thyroid  shows  fairly  definite  changes  from  the  normal,  namely,  hypertrophy 
and  hyperplasia  of  the  thyroid  parenchyma;  that  the  gland  secretes  an  excess 
of  normal  or  of  perverted  material  which  enters  the  circulation,  causes  toxemia, 
and  secondarily  influences  the  functional  and  organic  conditions  of  other  or- 
gans ;  that  the  usual  type  of  the  disease  is  represented  by  symptoms  referable 
to  this  hyperactivity  of  the  thyroid,  modified,  if  at  all,  only  to  a  minor  degree  by 
other  organs,  constituting  for  practical  purposes  a  thyrotoxicosis  or  hyperthy- 
roidism, and,  finally,  that  the  symptoms  as  a  rule  may  be  favorably  influenced 
by  operative  measures  limited  to  the  thyroid.  Such  is  the  consensus  of  opinion 
among  experienced  surgeons ;  an  opinion  justified  by  results.  It  is  likewise  fair 
to  assume  that  there  is  a  smaller  group  in  which  the  symptoms  are  due  in  part 
to  hyperactivity  of  the  thyroid,  but  are  complicated  to  a  marked  degree  by 
functional  disturbances  of  other  ductless  glands.  Whereas  the  first  type  is 
usually  easily  recognized,  no  definite  rules  can  be  formulated  for  the  second. 
Therefore,  this  type  must  be  disregarded  unless  it  is  suggested  in  the  study  of 
a  case  by  irregularities  of  the  symptoms  which,  when  noted,  should  lead  to 
caution  in  diagnosis  and  in  treatment. 

Operative  Indications. — There  has  been  much  discussion  as  to  the  indica- 
tions for  operative  interference  in  Graves'  disease  and  great  divergence 
of  opinion  has  been  expressed.  So  general  an  antagonism  to  and  fear  of 
operative  treatment  has  been  prevalent  for  many  years  that  it  is  advisable, 
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at   the  outset   to  call   attention  to   tin-    hoton    upon   which    this  feeling  de- 
pends. 

First,  the  cases  have  long  been  considered  notoriously  bad  operative  risks, 
ami,  in  consequence,  medical  men  have  shown  a  disinclination  to  reconu 
operation.     Second,  numerous  non-operative  procedures,  gome  empirical,  others 
hased    upon   scient  itic  observation,   have   bem   exploited    with   much    <-..ni  u-in-j 
theory  and  have  heen  employed  with  more  or  l<  .though  they  have  not 

heen  successful  enough  to  avoid  many  therapeutic  disappointment.-.      Hov 
they  have  encouraged  the  point  of  view  that  operation  .should  he  employed  only 
as  a  last  resort.     Third,  the  symptom-complex  is  so  variable  as  to  make  it  im- 
possible, especially  in  mild  cases,  to  construct  exact  rules  when-hy  certain  defi- 
nite groups  of  symptoms  can  be  designated  as  positively  indicative  of  oper 
interference  rather  than  medical  treatment.     Fourth,  the  pn-ent  tendency  to 
discredit  the  thyroid  as  the  essential,  unique,  and  all-important  cau-e  of  the 
symptoms  has  been  prone  to  favor  other  measures  than  operation  on  the  tin 
for  the  treatment  of  the  disease.     Fifth,  the  permanence  of  operative  results 
has  been  questioned. 

While  these  views  cannot  be  disregarded  altogether,  their  importance  has 
been  unduly  magnified;  they  have  fostered  an  aversion  to  operation  which  has 
resulted  in  harm  to  many  patients.  As  opposed  to  the  above  objections,  it  must 
be  emphasized  that  too  great  weight  has  been  attached  to  the  operative  danger, 
as  is  shown  by  the  fact  that  the  operative  mortality  in  the  hands  of  skillful 
surgeons  has  been  reduced  to  about  4  per  cent.  Moreover,  it  i>  the  consensus  of 
opinion  among  experienced  surgeons  that,  when  a  careful  study  of  a  case  has 
demonstrated  to  a  reasonable  certainty  that  the  symptoms  are  due  in  large 
part  to  increased  activity  of  the  thyroid  gland,  curtailment  of  the  th 
activity  and  secretion,  through  limitation  of  its  blood  supply  or  diminution 
of  its  secreting  tissue,  is  the  ideal  therapeutic  procedure,  and  that  operation 
offers  the  most  reasonable,  reliable,  rapid,  and  lasting  means  of  improvement 
or  cure. 

As  a  matter  of  fact,  both  the  operative  and  non-operative  procedures  are 
essential  in  the  treatment  of  the  disease.  Efforts  should  not  be  directed  toward 
exploiting  one  to  the  disadvantage  of  the  other,  but  rather  each  should  be  ac- 
cepted and  an  effort  made  to  establish  their  respective  indications  and  har- 
monize their  uses. 

It  must  be  understood  that  the  course  of  the  disease  is  uncertain,  and  that 
occasionally,  especially  early  in  the  disease,  patients  improve  or  recover  without 
operation,  at  times  without  medical  treatment.  Consequently  when  cases  are 
seen  in  an  early  stage,  a  trial  of  non-operative  measures  is  advisable  to  avoid 
unduly  precipitating  the  patient  into  operative  risks. 

But  it  should  be  understood  that  non-operative  treatment  rarely  affords  more 
than  temporary  improvement  and  usually  requires  periodic  repetitions.  If  im- 
provement is  not  strikingly  marked  and  relatively  lasting  under  medical  treatment, 
operation  is  indicated  unless  definite  'contra-indications  are  present.  Moreover,  early 
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operation  is  indicated  and  unnecessary  delay  by  unduly  protracted  non-operative 
measures  is  to  be  condemned  for  the  following  reasons:  The  operative  risk  is  much 
less  in  an  early  than  in  an  advanced  stage  of  the  disease;  the  heart  and  other  organs 
have  not  sustained  permanent  damage  and,  the  course  of  the  disease  being  usually 
progressive,  it  is  probable  in  every  case  that  operation  will  ultimately  become  neces- 
sary. In  urging  early  operation,  Kocher  emphasizes  its  special  importance  in  the 
steadily  progressive,  in  contrast  to  the  periodically  progressive,  types  of  the  disease. 
In  a  late  stage  or  in  acutely  active  periods  of  the  disease  a  preparatory  course 
of  medical  treatment  is  always  advisable  and  often  imperative,  the  aim  being  to 
improve  the  condition  of  the  patient  so  that  operation  may  be  undertaken  with  com- 
parative safety. 

On  the  details  of  non-operative  treatment  we  cannot  dwell  at  length.  The 
essential  factors  are,  first,  rest,  and,  second,  food.  By  rest  is  meant  absolute 
physical  and  mental  rest;  rest  in  bed  for  weeks,  amid  cheerful,  care-free,  and 
hygienic  surroundings.  Next  in  importance  to  rest  is  food ;  emaciation  must  be 
prevented  or  corrected;  an  abundant  simple  diet  is  therefore  important.  Mas- 
sage, baths,  and  drugs  should  be  employed  as  indicated.  Drugs  are  chiefly 
indicated  for  their  tonic  effect  (arsenic,  iron)  or  sedative  effect  (bromids, 
quinin  hydrobromate) .  Various  therapeutic  agents,  such  as  extracts  of  thymus, 
pituitary,  spleen,  pancreas,  and  adrenal,  have  been  advocated  and  used,  for  the 
most  part  empirically.  Thyroid  extract,  iodin,  and  iodothyroglobulin  have 
effected  benefit  in  some  cases ;  also  antithyroid  serum  and  other  thyroid  prep- 
arations. The  serum  of  thyroidectomized  sheep  and  dried  milk  of  thyroidecto- 
mized  goats  have  been  used.  Kadium  and  the  X-ray  are  also  employed  to  some 
extent. 

Centra-indications  to  Operation. — While  some  surgeons  recommend  that  op- 
eration be  proposed  to  practically  all  patients,  the  majority  consider  that  there 
are  definite  contra-indications ;  these  are : 

1.  Profound  secondary  changes  in  other  organs,  especially  the  heart  and 
kidneys.    Marked  dilatation  of  the  heart,  extreme  rapidity  and  irregularity  of 
the  heart  action  and  evidences  of  severe  nephritis,  if  not  improved  by  treatment, 
contra-indicate  operation.     Operation  should  be  delayed,  as  Mayo  emphasizes, 
until  the  subsidence  of  gastric  crises,  acute  delirium,  diarrhea,  ascites,  and 
edema  of  the  hands  and  feet. 

2.  Evidences  of  incipient  myxedema.     This,  of  course,  precludes  further 
diminution  of  the  thyroid  secretion  by  operation. 

3.  Status  thymicolymphaticus.     A  persistent  thymus  has   been  particu- 
larly emphasized  as  a  contra-indication  by  many  authorities.     On  the  basis  of 
60  autopsies,  Capelle  and  Bayer  state  that  in  patients  who  had  exophthalmic 
goiter  but  died  as  a  result  of  other  diseases,  a  persistent  thymus  was  found  in 
44  per  cent. ;  in  patients  who  died  as  a  direct  result  of  exophthalmic  goiter,  a 
persistent  thymus  was  found  in  82  per  cent. ;  in  patients  who  died  at  the  time 
of  or  soon  after  operation  a  persistent  thyrnus  was  found  in  95  per  cent.     Simi- 
lar findings  have  been  reported  by  others.     The  figures  are  sufficiently  striking 
to  cause  thymic  persistence  to  weigh  heavily  against  operations  on  the  thyroid, 
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but  this  factor  cannot  receive  general  application  until  the  symptoms  of  per- 
sistent thymns  are  better  understood  and  its  recognition  simplified,  for,  al- 
though pci vussion  and  X-ray  findings  are  at  times  conclusive,  they  cannot  be 
depended  upon  for  diagnosis.  On  the  other  hand,  it  is  a  well-known  fact  that 
the  coexistence  of  a  persistent  thymus  with  other  evidences  of  status  lymphatics 
is  frequently  an  important  factor  in  the  fatal  outcome  of  operation-.  There- 
fore, in  the  presence  of  this  condition  operation  cannot  be  recommended  with 
safety  (Mayo  and  McGrath). 

OPERATIVE     PROCEDURES 

The  operative  procedures  which  are  in  -< -n« ral  use  are: 

1.  Ligation  of  vessels. 

2.  Partial  thyroidectomy. 

Method  which  may  be  regarded  as  being  in  the  experimental  stage: 

1.     Thymectomy. 
Methods  which  have  a  limited  applicability  : 

1.  Sympathetectomy. 

2.  Injection  into  the  substance  of  the  gland. 

Ligation  of  Vessels. — Vascular  ligature  for  exophthalmic  goiter  was  advo- 
cated by  Wolfler  as  a  means  of  diminishing  the  secretion  of  and  absorption  from 
the  gland.  As  the  result  of  ligation  alone,  the  symptoms  are  often  very  favor- 
ably affected  and  the  general  condition  improved;  in  some  cases  complete  cure 
results  (Mayo).  But  as  a  curative  measure  the  procedure  is  less  reliable  and 
less  effective  than  partial  thyroidectomy.  Its  indications  are: 

1.  Early  cases  with  slight  toxemia  in  which  modification  of  the  blood  sup- 
ply of  the  gland  may  reestablish  its  normal  equilibrium. 

2.  Severe  cases  in  which  temporary  improvement  may  be  obtained  and 
enable  a  more  radical  operation  to  be  supported. 

3.  To  supplement  extirpation  of  one  lobe  with  ligation  of  the  superior 
vessels  of  the  other. 

The  question  naturally  arises  as  to  how  many  resselfl  should  be  tied  and  in 
how  many  operations.  As  would  be  expected,  the  ^reatert  ett'ect  is  obtained  by 
ligation  of  all  4  arteries.  In  1895  Ridygier  reported  22  cases  of  ligation  of  the 
4  arteries  with  20  cures  or  improvements  and  2  failures,  but  no  myxedema, 
tetany,  or  other  serious  complication.  Kocher,  in  the  same  year,  recommended 
successive  ligations,  fearing  the  occurrence  of  myxedema.  lie  made  a  rule 
never  to  tie  more  than  3  arteries.  He  published  •'•  1  caaea  with  •*>!  cures  or  im- 
provements and  3  deaths.  This  conservative  tendency  still  prevails  and  2  or  3 
groups  of  vessels  are  usually  considered  the  proper  number  to  liirate,  although 
some  operators  ligate  all  4  in  successive  stages.  This  has  been  done  repeatedly 
without  untoward  results.  The  fact  that  the  thyroid  arteries  anastomose 
with  other  arteries  makes  it  extremely  unlikely  that  insufficiency  of  the  thy- 
roid will  ensue.  However,  when  the  4  ligations  are  performed,  a  consider- 
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able  interval  should  elapse  between  the  third  and  fourth  ligations  so  as  to 
provide  the  thyroid  and  the  parathyroids  with  sufficient  blood  supply  through 
anastomotic  channels,  otherwise  the  procedure  must  be  regarded  as  exposing  the 
patient  to  an  undue  element  of  risk. 

Technical  difficulties  are  not  great  since  the  thyroid  is  rarely  so  large  as  to 
interfere  materially  with  the  isolation  of  the  vessels.  Experience  indicates  that 
the  best  results  are  obtained  by  mass  ligation  in  the  case  of  the  superior  thyroid 
so  as  to  include  the  vein  or  veins,  lymphatics  and  nerves  together  with  the 
artery.  Berard  suggests  that  the  metabolism  of  the  gland  is  affected  through 
tying  the  nerves  which  accompany  the  vessels.  The  superior  vessels  .are  elected 
as  a  rule,  in  preference  to  the  inferior,  because  they  are  more  accessible  and 
sufficiently  large  to  produce  a  marked  effect  upon  the  gland;  moreover,  the 
operation  does  not  involve  the  danger  of  interfering  with  the  blood  supply  of  the 
parathyroids  or  injuring  the  recurrent  laryngeal  nerve. 

Partial  Thyroidectomy. — Partial  thyroidectomy  is  undoubtedly  the  most  ef- 
ficient treatment,  operative  or  otherwise.  But  the  observance  of  many  details 
and  the  use  of  extremely  good  judgment  are  essential  for  its  safe  employment. 
Attention  should  be  drawn  to  the  fact  that  there  is  a  growing  tendency  to  reserve 
partial  thyroidectomy  for  the  final  step  in  a  "graduated"  attack  upon  the 
thyroid,  with  vascular  ligations  as  preliminary  steps.  As  an  initial  procedure 
thyroidectomy  is  unnecessarily  radical  for  some  cases  and  too  dangerous  for 
others ;  in  selected  cases,  however,  it  may  be  applied  at  the  outset.  The  amount 
to  remove  is  the  important  feature.  Ideally,  a  delicate  balance  should  be  estab- 
lished so  that  the  patient  has  enough  thyroid  to  supply  physiological  require- 
ments and  yet  not  enough  to  allow  the  continuance  of  a  pathological  surplus. 
While  from  %  to  %  of  the  gland,  that  is,  about  %  of  a  lobe,  is  said  to  be 
sufficient  to  supply  the  necessities  of  the  body,  provided  the  part  left  is  capable 
of  functionating  in  a  normal  manner,  it  is  the  limit  of  safety.  Riedel  and 
others  counsel  extensive  resection  up  to  this  point,  arguing  that  the  chances  of 
cure  are  in  direct  proportion  to  the  amount  of  gland  removed.  Whereas,  in 
general,  this  is  true  and  removal  of  about  %  of  the  gland — that  is,  1  lobe  and  % 
of  the  other  lobe — will  give  a  greater  guarantee  of  complete  and  rapid  cure  of 
the  hyperthyroidism  than  the  removal  of  a  smaller  portion,  this  arithmetical 
rule  is  not  absolute.  Moreover,  in  attempting  to  approach  the  limit  of  safety  too 
closely  there  is  danger,  although  slight,  of  overstepping  it,  with  resulting  myx- 
edema;  and,  further,  resection  of  the  second  lobe  increases  the  danger  of 
troublesome  hemorrhage  and  of  acute  toxemia.  Therefore,  the  disadvantages  of 
removing  too  much  and  the  possibility  of  resorting  to  subsequent  resection,  if 
insufficient  tissue  has  been  removed  at  the  first  operation,  very  definitely  indi- 
cate a  conservative  policy. 

There  is  little  reason  why  resection  of  the  second  lobe  should  not  be  regarded 
as  a  step  in  the  "graduated"  operative  treatment  of  the  disease.  It  should  be 
understood  before  operative  procedures  are  begun  that  they  may  involve  more 
than  one  operation  upon  the  gland.  This  attitude  would  lead  the  surgeon  to 
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limit  the  thyroidectomy  to  a  relatively  safe  procedure  and  would  not  cause  a 
reflection  upon  surgery  by  the  failure  of  the  symptoms  to  disappear  after  the 
first  operation. 

Th<-  general  and  safe  rule  prevails  of  leaving  the  smaller  lobe  intact  and 
of  removing  the  larger  or  more  vascular  lobe  together  with  the  isthmus.  1 1 
this  procedure  proves  inadequate  resection  may  be  performed  subsequently; 
this  is  ;m  infinitely  better  policy  than  radical  efforts  at  the  first  operation  upon 
the  gland  to  approach  too  closely  the  physiological  equilibrium  of  the  gland 
and  the  limit  of  safety  of  the  patient. 

The  conservative  practice  outlined  above  is  not  to  be  considered  an  absolute 
rule.  In  en-tain  selected  cases  of  large  bilateral  goiter,  excision  «.f  one  lobe 
;ind  resection  of  the  other  is  justifiable  at  one  operation.  It  has  also  been  rec- 
ommended that  in  these  cases  the  functional  activity  of  the  second  lobe  may  be 
diminished  by  Hgation  of  its  superior  vessels  rather  than  by  resort  ion. 

The  operative  conditions  differ  from  those  which  prevail  in  on li nary  goiter; 
on  the  one  hand,  the  gland  ordinarily  is  not  greatly  enlarged,  is  not  deeply 
situated,  does  not  present  awkward  processes  or  projections,  and  is  not  ad- 
herent to  adjacent  structures.  These  factors  would  tend  to  simplify  the  opera- 
tion, but  they  are,  as  a  rule,  more  than  offset  by  the  size  and  friability  of  the 
veins,  the  adherence  of  the  outer  capsule  and  the  friable  and  vascular  nature 
of  the  thyroid  tissue.  In  view  of  these  features,  the  operation  is  much  more 
dangerous  and  difficult  than  one  for  simple  goiter.  But  the  real  danger  con- 
sists in  acute  and  at  times  fatal  disturbances  which  may  occur  soon  after  the 
operation.  The  technic  of  the  operation  is  the  same  as  for  extirpation  for 
simple  goiter ;  the  only  features  to  emphasize  as  particularly  important  in  con- 
nection with  exophthalmic  goiter  are  the  necessity  for  absolute  hemostasis  and 
extreme  care  and  gentleness  in  the  manipulations.  Observance  of  these  pre- 
cautions favors  a  smooth  postoperative  course..  Details  of  the  technic  of  the 
operation  will  be  described  later. 

Thymectomy. — Extirpation  of  the  thymus  has  been  recommended  for  the 
treatment  of  exophthalmic  goiter,  but  too  little  is  known  of  the  indications  for 
and  results  of  the  procedure  for  judgment  to  be  passed  upon  it  at  the  present 
time.  Garre,  1910,  removed  the  thymus  in  a  case  of  Basedow's  disease  with- 
out interfering  with  the  thyroid.  No  change  resulted  in  the  goiter,  but  a 
distinct  improvement  was  noted  in  the  general  condition  of  the  patient.  Espe- 
cially striking  was  the  calming  of  the  heart  and  the  change  in  the  condition  of 
the  blood;  the  lymphocytes  dropped  from  about  40  per  cent  to  22  per  cent. 
Sauerbruch  also  removed  the  thymus  in  a  case  of  Basedow's  disease  and  found 
the  blood  picture  to  be  more  improved  by  this  than  by  removal  of  part  of  the 
thyroid  gland. 

Many  features  point  to  the  thymus  as  a  factor  which  must  be  reckoned  with 
in  the  consideration  of  the  surgical  treatment  of  exophthalmic  goiter.  We  can 
touch  upon  them,  however,  only  very  briefly ;  full  details  may  be  obtained  by 
consulting  the  authorities  cited  below. 
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An  enlarged  thymus  has  been  held  responsible  for  many  of  the  sudden 
deaths  which  have  occurred  during  or  directly  after  operation  for  exophthalmic 
goiter.  Death  in  these  cases  has  been  variously  attributed  to  pressure  of  the 
thymus  upon  the  great  vessels  and  trachea,  to  status  lymphaticus  (status  thymi- 
colymphaticus),  and  to  thymogen  intoxication. 

Autopsy  findings  show  that  in  a  large  proportion  of  cases  an  enlarged  thymus 
is  associated  with  Basedow's  disease.  The  statistics  of  Capelle  and  Bayer  have 
already  been  cited ;  Matti,  Melchior,  Gebele,  Bier,  and  others  have  made  simi- 
lar observations. 

Experimental  work  upon  the  thymus  has  resulted  in  significant  findings. 
For  instance,  Gebele  implanted  thymus  gland  in  the  abdominal  wall  of  a  young 
dog  and  9  weeks  later  the  thyroid  and  the  parathyroids  were  removed.  The 
animal  remained  well.  In  consequence  he  suggested  that  the  thymus  replaced 
the  thyroid.  Bircher  produced  symptoms  suggesting  acute  Basedow's  disease 
in  5  dogs  by  implantation  of  fresh  hyperplastic  thymus  in  the  peritoneal  cavity. 
Similar  experiments  with  normal  thymus  gland  produced  no  recognizable  dis- 
turbance. (Klose,  Mayo  and  McGrath,  Capelle  and  Bayer,  Parker,  Zesas.) 

Intervention  on  the  Cervical  Sympathetic. — Sympathetectomy  was  enthusi- 
astically tried  after  its  inauguration  by  Jaboulay  in  1896.  He  practiced  sec- 
tion of  the  nerve;  Jonnesco  recommended  resection  of  the  superior  and  middle 
ganglia  with  the  intermediate  nerve.  The  results  were  extremely  variable  and 
cures  so  exceptional  that  the  method  was  practically  abandoned.  However, 
Mayo  has  recently  advocated  the  operation  for  cases  with  extreme  exophthalmos 
and  marked  nervous  symptoms  but  with  small  thyroid.  Sympathetectomy  and 
ligation  of  the  superior  thyroid  vessels  are  performed  through  one  incision.  He 
states  that  the  operation  not  only  improves  the  exophthalmos  but  produces 
great  improvement  in  the  general  symptoms.  (Jour.  Am.  Med.  Assn.,  1914, 
Ixiii,  1147.) 

Injection. — Injection  into  the  gland  of  iodoform  and  ether  and  other  sub- 
stances was  formerly  practiced,  but  was  discarded  as  a  dangerous  procedure. 
Porter  has  recently  advocated  the  injection  of  boiling  water,  minims  100-400. 

Summary  of  Operative  Indications  and  Contra-indications. — A  brief  trial  of 
non-operative  treatment  is  indicated  in  the  early  stages  of  the  disease.  If  im- 
provement is  not  marked  and  lasting  under  such  treatment  operation  is  indi- 
cated. In  acute  exacerbations  of  the  disease  non-operative  treatment  should 
always  be  pursued  until  the  subsidence  of  the  acute  symptoms,  after  which 
operation  should  be  recommended.  In  advanced  cases,  before  operation  is 
undertaken,  complications  should  be  treated  so  as  to  render  the  condition  of  the 
patient  as  favorable  as  possible. 

No  one  symptom  should  preclude  operation;  the  general  condition  of  the  patient 
must  be  the  criterion.  In  the  absence  of  evidences  of  myxedeina  or  status  thymico- 
lymphaticus,  the  dictum  of  Kocher  may  be  adopted,  that  operation  is  contra-indicated 
only  in  cases  which  present  degeneration  of  the  heart  muscle,  with  low  blood  pressure, 
irregular  pulse  and  periodic  attacks  of  delirium  cordis,  that  is,  extreme  rapidity  of 
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the  heart  with  very  irregular  pulse.    Unless  the  heart  is  seriously  affected,  judicious 
preliminary   treatment   frequently   brings   about    sufficient   improvement   to   warrant 

operation. 

Summary  of  Choice  of  Operative  Procedures. — In  early  and  mild  cases  the 
superior  thyroid  vessels  of  both  sides  are  li»at«-.|  at  1  operatinn.  la  severe  cases 
the  superior  vessels  are  limited  in  2  stages,  with  an  interval  of  Hi  days  or  more 
between.  In  cases  of  moderate  severity  primary  partial  thyn.idertMiny  with  «»r 
without  ligation  of  the  superior  vessels  of  the  other  lube  may  be  performed  pri 
marily. 

Subsequent  steps  in  all  of  the  three  varieties  are  determined  by  the  course  of 
the  disease,  condition  of  the  patient,  and  the  size  and  condition  of  the  thvruid. 
In  mild  cases,  if  symptoms  persist  or  recur  after  vascular  ligation,  the  larger 
lobe  should  be  excised  or  one  of  the  inferior  thyroid  arteries  may  be  ligated, 
reserving  excision  for  a  subsequent  operation.  In  severe  cases  partial  thyroid- 
ectomy  is  performed  as  soon  as  sufficient  improvement  has  occurred  after  the 
first  or  second  ligation  to  warrant  the  operative  risk.  In  any  of  the  varieties, 
if  excision  is  followed  by  persistence  or  recurrence  of  the  symptoms,  resection 
of  the  second  lobe  or  fourth  ligation  is  indicated.  The  latter,  however,  is  only 
performed  when  a  sufficient  time  has  elapsed  to  allow  some  collateral  circulation 
to  be  established. 

Partial  thyroidectomy  or  excision,  as  used  above,  imply  in  general  removal 
of  one  lobe  and  isthmus.  In  the  unilateral  type  of  lesion  this  should  always  be 
the  rule.  In  the  bilateral  type  a  similar  amount  usually  should  be  removed  and 
resection  of  the  second  lobe  reserved  for  a  subsequent  operation;  but  if  both 
lobes  are  large  and  the  condition  of  the  patient  is  reasonably  good,  excision  of 
one  lobe  and  resection  of  the  other  is  sometimes  justifiable  at  a  single  operation. 

ANESTHESIA 

The  question  of  anesthesia  is  of  great  importance  in  operations  for  exoph- 
thalmic goiter.  The  choice  of  method  of  anesthesia  is  largely  dependent  upon 
the  condition  of  the  patient  and  the  attitude  of  the  operator  in  regard  to  the 
relative  advantages  of  local  and  general  anesthesia. 

In  general,  it  may  be  said  that  for  most  vascular  ligations,  especially  of  the 
superior  vessels,  local  anesthesia  is  appropriate,  and  for  most  partial  thyroidec- 
tomies  general  anesthesia  should  be  employed.  But  the  question  of  anesthesia 
in  these  cases  cannot  be  so  easily  dismissed;  the  principles  involved  must  be 
elaborated.  Basedow's  disease  is  a  manifestation  of  nerve  excitation;  the 
symptoms  are  aggravated  by  unrest,  excitement,  and  anxiety ;  the  postoperative 
course  is  markedly  affected  in  proportion  as  these  factors  are  present  or  absent 
before,  during  and  after  the  operation.  Ante-operative  anxiety,  the  mental 
unrest  and  perhaps  physical  suffering  which  attend  a  moderately  prole 
operation  under  local  anesthesia,  or  the  excitement  associated  with  the  sudden 
and  crude  administration  of  a  general  anesthetic,  tend  to  aggravate  the  symp- 
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toms  of  the  disease,  at  times  to  a  serious  degree,  perhaps  even  to  the  extent 
of  turning  the  balance  against  the  patient.  Crile  in  particular  has  empha- 
sized these  features,  stating  that  one  of  the  greatest  factors  in  the  surgical 
risk  is  psychic  excitation.  An  effort  should  be  made  to  minimize  ante-opera- 
tive anxiety,  to  eliminate  operative  unrest  and  suffering,  and  to  curtail 
shock. 

In  general,  to  meet  the  indications  a  preliminary  dose  of  morphin  (grain 
%)  and  atropin  (grain  1/120)  should  be  given  about  %  to  1  hour  before  opera- 
tion and  the  administration  of  the  anesthetic  delayed  until  the  sedative  effect  of 
the  preliminary  drug  is  marked.  The  anxiety  of  the  patient  is  thus  consider- 
ably reduced  and  the  anesthetic  is  more  quickly  effective.  The  anesthetic  of 
choice  is  nitrous  oxid-ether  sequence,  although  ether  alone  or  nitrous  oxid  and 
oxygen  have  their  advocates.  It  is  essential  that  the  anesthesia  should  be  admin- 
istered with  extreme  care  and  should  be  light,  smooth,  and  as  short  as  possible. 
While  the  above  is  appropriate  for  routine  cases,  it  may  be  wisely  modified  in 
extremely  bad  risks  by  following  Crile's  method. 

Crile  attempts  to  meet  all  of  the  indications  by  (mod-association,  the  prin- 
ciple of  which  is  "the  exclusion  of  all  harmful  stimuli,  making  the  brain  and 
the  personality  of  the  patient  unmodified  and  unimpaired  through  the  opera- 
tion." His  aim  is  to  minimize  ante-operative  anxiety  by  "stealing"  the  gland 
without  the  knowledge  of  the  patient ;  to  eliminate  operative  unrest  and  physi- 
cal suffering  by  the  use  of  a  general  anesthesia,  and  to  prevent  shock  by 
blocking  the  tissues  in  order  to  prevent  the  transmission  of  nerve  impulses. 
While  the  principles  involved  have  much  to  commend  them,  the  relative  impor- 
tance of  the  various  steps  can  be  determined  only  after  long  experience.  Crile 
proceeds  as  follows : 

After  the  patient  has  consented  to  the  operation  she  is  given  each  morning 
a  hypodermic  injection  of  sterile  water  followed  by  the  inhalation  of  small 
quantities  of  nitrous  oxid  and  oxygen  under  the  pretext  of  medical  inhalations. 
On  the  morning  of  the  operation  a  hypodermic  of  morphin  and  scopolamin  is 
substituted  for  sterile  water  and  the  inhalation  is  carried  to  the  anesthetic  stage. 
The  anesthetized  patient  is  then  transferred  from  her  bed  to  the  operating  room. 
All  tissues  are  injected  with  1-400  novocain  before  division.  Previous  to  clos- 
ing the  wound  quinin  urea  hydrochlorid  is  injected  around  the  whole  exposed 
field.  The  anesthetized  patient  is  then  returned  to  her  bed,  the  room  being  in 
the  same  condition  as  before  the  operation. 

Intratracheal  insufflation  presents  some  advantages.  Chloroform  should  be  avoided 
on  account  of  its  danger.  Rectal  anesthesia  has  been  recommended  for  use  in  cases  of 
exophthalmic  goiter.  Theoretically  it  offers  the  advantage  that  the  anesthetic,  consist- 
ing of  5  or  6  ounces  of  ether  with  2  ounces  of  olive  oil,  may  be  introduced  without  the 
patient  recognizing  that  an  anesthetic  is  being  administered.  On  the  other  hand,  as 
Coburn  points  out,  "the  margin  of  safety  between  surgical  anesthesia  and  respiratory 
paralysis  is  apparently  considerably  reduced  in  the  oil-rectal  method."  My  own  experi- 
ence with  the  method  is  limited,  yet  the  prolonged  effect  of  the  anesthetic  after  some 
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operations  (non-goitrous)  and  marked  dyspnea,  cyanosis  and  incomplete  anesthesia  in 
a  case  of  exophthalmic  goiter  make  me  feel  that  the  method  is  not  to  be  recommended. 

Local  Anesthesia.  -That  the  results  may  be  good  from  operations  performed 
11  n< lor  local  anesthesia  is  attested  by  the  fact  that  many  eminent  surgeons,  in- 
cluding Kocher,  Kehn,  Socin  and  Jaboulay,  have  employed  it  as  a  routine 
measure. 

The  disadvantages  of  local  anesthesia,  besides  the  important  psychic  influences 
already  mentioned,  are  that  there  is  less  freedom  of  dissection,  the  field  of  operation 
is  not  so  thoroughly  exposed  and  the  patient  may  be  restless  or  resistant;  in  conse- 
quence the  operation  is  usually  longer  and  more  difficult  than  one  under  general 
anesthesia  and  unexpected  conditions  or  accidents  are  dealt  with  less  readily  and 
with  less  confidence. 

The  chief  advantages  of  local  over  general  anesthesia  are  that  deleterious  effects 
on  the  kidneys,  heart  and  lungs  are  for  the  most  part  avoided,  and  injury  to  tl 
current  nerve  is  less  likely  to  occur  on  account  of  the  possibility  of  phonation  in  the 
conscious  patient. 

INDICATIONS. — Local  anesthesia  should  be  employed  in  cases  present  in- 
marked  cardiac,  renal  or  pulmonary  disturbances,  also  when  there  is  evidence 
of  pressure  upon  the  trachea,  and  in  certain  cases,  as  in  singers,  to  minimize  the 
danger  of  interference  with  the  function  of  the  vocal  cords. 

TECHNIC  OF  LOCAL  ANESTHESIA. — Morphin  is  administered  about  % 
hour  before  operation.  Novocain  !/2  t°  1  Per  cent,  with  adrenalin  is  usually 
employed.  For  partial  thyroidectomy  the  skin  and  superficial  tissues  are  anes- 
thetized along  the  proposed  line  of  incision,  the  muscles  are  injected  where  they 
are  to  be  cut,  and  a  complete  blocking  of  the  field  about  the  gland,  especially 
the  regions  of  the  upper  poles,  is  made  by  copious  injections.  The  general  fea- 
tures of  the  technic  of  local  anesthesia  are  detailed  in  the  article  on  anesthesia. 


POSTOPERATIVE    CAEE 

The  surgeon's  obligation  does  not  cease  with  the  operation.  In  exophthal- 
mic goiter  the  after-care  is  especially  important.  The  patients  are  poor  opera- 
tive risks  and  danger  persists  for  several  days.  Immediate  care  consists  chiefly 
in  rest  in  bed,  quiet,  fluids,  and  the  relief  of  symptoms.  The  length  of  time  in 
bed  must  vary  considerably.  There  should  be  as  little  as  possible  in  the  environ- 
ment to  excite  or  disturb  the  patient.  Fluids  should  be  administered  freely, 
water  being  given  by  rectum  either  continuously  or  by  injections  about  every 
5  hours;  if  the  rectum  is  intolerant,  hypodermoclysis  should  be  substituted. 
Sedatives,  such  as  bromids,  are  to  be  given  symptomatically ;  for  excessive  ex- 
citability and  restlessness,  Mayo  recommends  morphin  or  scopolamin  (gr. 
1/200),  repeated  as  indicated.  Cardiac  stimulants  are  often  indicated,  and 
an  ice  cap  over  the  pericardium  does  much  to  quiet  the  heart  action.  Atropin  in 
small  repeated  doses  is  indicated  if  sweating  is  considerable  (Mayo).  If  dis- 
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charge  is  free,  the  dressings  should  be  changed  frequently.     Drains  should  be 
removed  about  the  second  or  third  day. 

The  patient  should  be  under  constant  medical  supervision  and  advice  for  a 
long  period  after  the  operation. 

POSTOPERATIVE    RESULTS 

The  mortality  from  the  operative  treatment  of  Graves'  disease  has  been 
reduced  progressively  so  that  at  present  in  the  hands  of  experienced  surgeons 
it  is  about  4  per  cent,  or  less.  It  is  striking  in  reviewing  statistics  to  note  the 
much  lower  death  rate  obtained  by  all  operators  as  their  experience  has  in- 
creased. This  must  be  attributed  in  part  to  improved  technic,  but  chiefly  to 
an  acquired  ability  to  select  the  appropriate  operation  and  the  proper  time  to 
operate,  to  more  thorough  preparation  of  the  patient,  and  to  the  separation  of 
operative  procedures  into  stages.  In  regard  to  the  technic  of  the  operation,  as 
Ochsner  states,  we  now  have  a  comparatively  safe  surgical  procedure,  since 
it  is  possible  to  avoid  for  the  most  part  the  principal  dangers  which  were 
prevalent  in  the  past,  namely,  those  due  to  anesthesia,  hemorrhage,  shock,  sepsis, 
acute  toxemia,  cachexia  strumipriva,  tetany,  and  injury  to  the  recurrent 
nerves. 

A  valuable  report  on  the  results  of  surgical  treatment  in  exophthalmic 
goiter  was  presented  before  the  French  Surgical  Congress,  1910,  by  Delore  and 
Lenoement.  They  found  that  the  mortality  of  surgical  treatment  averaged  4 
per  cent.,  as  calculated  for  about  1,500  operations.  Combining  cases  of  great 
improvement  and  cures,  there  were  666  favorable  cases,  44  per  cent.  Non- 
operative  treatment  yielded  20  to  25  per  cent,  cures,  and  10  to  25  per  cent, 
mortality. 

Kocher,  in  1910,  reported  469  operations  for  exophthalmic  goiter  with  3.4 
per  cent,  mortality;  in  the  last  72  the  mortality  was  only  1.3  per  cent.  C.  H. 
Mayo,  in  1908,  reported  200  cases  operated  upon  in  '1905,  1906,  and  1907, 
with  a  mortality  of  5  per  cent.,  and  in  1912  he  reported  a  series  of  278  cases 
with  no  death. 

As  evidence  of  the  striking  improvement,  it  is  of  interest  to  note  earlier 
statistics.  Thus,  in  1904,  C.  H.  Mayo  reported  40  partial  thyroidectomies  for 
exophthalmic  goiters  with  6  deaths,  15  per  cent.;  while  Berard,  1896,  gave  the 
immediate  mortality  in  cases  of  partial  thyroidectomy  for  exophthalmic  goiter 
from  the  compiled  statistics  of  several  operators  as  15  to  30  per  cent. 

The  chief  cause  of  operative  death  is  status  lymphaticus ;  the  chief  causes  of 
postoperative  death  are  pneumonia  and  acute  toxemia.  Acute  toxemia  is  of  uncertain 
etiology.  It  has  been  attributed  to  the  entrance  into  the  circulation  of  hypertoxic 
thyroid  products  in  the  course  of  the  work  upon  the  gland  or  subsequently  from 
wound  absorption  (thyreotoxic  theory),  and  also  to  hyperstimulation  of  the  vasomotor 
and  trophic  nerves  of  the  region  (nervous. theory).  Though  it  usually  follows  com- 
plicated operations,  it  may  occur  even  when  operation  has  been  restricted  to  simple. 
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procedures.  The  chief  symptoms  are  extreme  tachycardia,  violent  excitement  and 
fever.  This  toxemia  is  said  to  be  present  to  a  mild  degree  in  about  two-thirds  of  the 
cases.  In  severe  cases  it  may  be  fatal  through  heart  failure  within  2  days,  but  as 
a  rule  it  subsides  in  '2  or  .'3  days. 


Functional  End  Results. — Kocher  is  of  the  opinion  that  in  Graves'  disease 
operations  on  the  thyroid,  when  properly  performed,  almost  invariably  lead  to 
an  improvement  or  cure,  but  he  emphasizes  the  importance  of  early  operation. 
In  1912  Kocher  reported  the  definite  end  results  in  320  operative  cases  of 
exophthalmic  goiter,  showing  a  complete  cure  in  150  of  the  patients;  148  still 
presented  individual  symptoms  of  the  disease  but  were  considerably  improved. 
Only  22  cases  showed  an  unsatisfactory  outcome  either  because  the  operation 
could  not  be  completed  or  because  there  was  relapse  or  because  secondary  dis- 
turbances (glycosuria,  albuminuria,  hepatic  symptoms,  edema)  failed  to  sub- 
side after  the  operation. 

C.  H.  Mayo,  on  the  basis  of  200  operations  in  the  years  1905,  1906,  and 
1907,  reported  70  per  cent,  cured,  19  per  cent,  improved,  5.8  per  cent,  slightly 
improved,  5.2  per  cent,  unimproved.  In  1912  he  gave  75  per  cent,  as  the  esti- 
mated proportion  of  cures,  that  is,  "restored  to  usefulness,  resuming  former 
occupations,  and  nearly  free  from  all  former  symptoms."  Some  exophthalmos, 
occasional  tachycardia,  and  relapses  of  nervousness  appear  to  have  persisted  in 
some  of  these. 

Kuttiier  (62),  University  of  Breslau,  reported  (1911)  that  of  all  cases  in 
the  Clinic  during  18  years  who  had  received  surgical  treatment  86.2  per  cent. 
of  those  living  were  cured  or  sufficiently  improved  to  pursue  their  work ;  13.8 
per  cent,  were  unimproved.  Of  those  treated  medically  35.7  per  cent,  were 
dead  and  none  of  the  living  were  cured. 

Concerning  the  permanent  results  of  the  operative  treatment  of  exophthal- 
mic goiter  (partial  thyroidectomy),  Weispfenning  (116),  writing  from  the 
First  Surgical  Department  of  the  Hamburg-Eppendorf  General  Hospital,  ser- 
vice of  Professor  Kummell,  points  out  that  the  cases  operated  upon  during  1889 
to  1900  have  been  reexamined  twice,  first  in  1901 ;  again  in  1905.  The  re- 
examination  of  1901  covered  20  cases,  the  operation  in  the  longest  standing  case 
dating  back  11  years,  while  the  interval  in  the  most  recent  case  was  ll/±  years. 
In  18  of  the  20  cases  the  operation  had  been  perfectly  successful ;  the  remaining 
2  were  1  failure  and  1  death.  The  19  surviving  cases  were  again  reexamined 
in  1905,  nearly  5  years  later,  with  the  following  results: 

Cure,  14  cases;  marked  improvement,  2  cases;  moderate  improvement,  3 
cases. 

The  14  cures  must  be  considered  as  permanent,  since  the  operation  in  the 
last  case  operated  upon  dated  back  over  4  years.  Five  of  these  19  cases  were 
examined  for  the  third  time,  Weispfenning  also  making  a  first  reexamination  of 
11  of  15  cases  operated  upon  from  1900  to  the  beginning  of  1910.  The 
16  reexamined  cases  are  divided  by  him  into  4  groups  according  to  results: 
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permanent  cures,  4  cases;  temporary  cures,  3  cases;  improvements,  2  cases; 
recurrences,  5  cases;  goiter  developing  on  the  side  not  operated  upon,  2 
cases. 

Concerning  remote  operative  results,  Klose's   (1911)   compiled  statistical 
material  of  298  cases  from  several  large  clinics  shows: 


191  r=  64  per  cent.   (2  to  18  years)  cures. 
72  =  24  per  cent,  improvements. 
7  =.3  per  cent,  not  cured. 
6  —  2  per  cent,  recurrence. 
22  =  7  per  cent,  deaths. 


In  cases  of  ligation  without  thyroidectomy  Mayo's  results  were  as  follows : 

Cases 

Slight  improvement  9 

Great  improvement    44 

Very  marked   improvement 11 

Absolutely  well   4 

Cases  of  questionable  exophthalmic  goiter,  no  improve- 
ment       9 

Whereas  in  most  uncomplicated  cases  of  exophthalmic  goiter  improvement 
in  the  toxic  symptoms,  such  as  tachycardia,  tremor,  and  restlessness,  occurs 
soon  after  operation,  at  times  manifesting  itself  within  a  few  hours,  but  usually 
in  a  few  days,  in  some  cases  considerable  time  elapses  before  the  beneficial  effect 
manifests  itself. 

The  definition  of  "cure"  as  used  in  the  above  statistics  appears  susceptible 
to  differences  of  opinion  or  of  observation.  It  seems  in  general  to  indicate  an 
ability  to  resume  former  occupations,  but  does  not  always  include  the  absolute 
and  permanent  cessation  of  all  symptoms.  Some  exophthalmos,  occasional 
tachycardia  and  attacks  of  nervousness  appear  to  persist  after  operation  in  many 
cases  which  are  otherwise  returned  to  comparative  health. 

At  times  hypertrophy  of  the  remaining  portion  of  gland  takes  place  with 
return  of  symptoms  necessitating  renewed  operation.  That  such  operations 
may  be  curative  has  been  proved  by  numerous  cases.  Secondary  permanent 
changes  in  other  organs  may  prevent  a  cure 

Rogers  emphasizes  the  fact  that  partial  thyroidectomy  is  much  more  dan- 
gerous in  youth  than  in  later  life.  He  also  states  that  after  an  apparent  opera- 
tive cure,  pregnancy  is  likely  to  bring  about  a  return  of  the  symptoms. 

"Experience  teaches  that  it  is  very  exceptional  for  too  much  of  the  gland 
to  be  removed  when  there  is  a  positive  diagnosis  of  hyperthyreosis."  (Kocher.) 
Although  myxedema  has  been  known  to  follow  even  limited  resections,  signs  of 
thyroid  insufficiency  as  a  rule  gradually  subside,  the  remaining  tissue  of  the 
gland  apparently  supporting  functional  requirements. 

Changes  in  the  blood  picture  result  from  diminution  of  the  activity  of  the 
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thyroid  by  operation  (Kocher).  \Vith  h  \  perthyroidism  is  associated  leucopenia 
and  an  increase  in  the  relative;  number  of  lymphocytes.  As  a  result  of  operation 
there  is  a  fall  in  the  relative  numlx-i-  of  lymphocytes,  also  an  increase  in  the 
total  leukocyte  count.  Some  authors  maintain  that  the  degree  of  approxima- 
tion of  the  number  of  lymphocytes  to  normal  is  a  valuable  index  of  the  curative 
effect  of  an  operation. 

On  the  basis  of  the  low  mortality,  4  per  cent,  or  less,  and  the  favorable  func- 
tional results,  estimated  at  75  per  cent,  of  cures  or  improvement  so  great  as 
to  allow  the  pursuit  of  former  occupations,  operative  treatment  for  exophthalmic 
goiter  is  strongly  indicated.  The  appreciation  of  the  value  of  surgical  treat- 
ment for  the  disease  has  markedly  developed  in  recent  years. 


SIMPLE    GOITER 

Operative  Indications. — The  indications  for  operative  intervention  in  sim- 
ple goiter  are  as  follows : 

1.  PRESSURE  DISTURBANCES. — The  most  frequent  and  important  of  these 
pressure  upon  the  trachea  causing  dyspnea.    Dyspnea  may  be  of  gradual  de- 
velopment from  the  growth  of  a  readily  recognizable  goiter  or  of  a  concealed 
goiter  developing  within  the  thorax ;  or  it  may  develop  suddenly  as  the  result  of 
hemorrhage.     A  number  of  cases  have  been  reported  of  hemorrhage  into  cysts 
which  demanded  prompt   surgical   intervention    (Ehler,   Elsberg).      Pressure 
on  the  esophagus  at  times  causes  dysphagia,  but  rarely  of  serious  degree.     Pres- 
sure upon  the  recurrent  laryngeal  nerve,  usually  unilateral,  is  not  rare.     It 
may  cause  hoarseness  and  cough.     At  times  partial  laryngeal  paralysis  gives 
no  symptoms  and  for  this  reason  a  laryngoscopic  examination  should  be  made 
before  operation,  otherwise  the  paralysis  may  be  recognized  after  the  opera- 
tion and  attributed  wrongly  to  operative  injury  to  the  nerve.     Occasionally 
pressure  on  the  great  vessels  or  on  the  nerves  of  the  brachial  plexus  gives  rise 
to  symptoms  which  demand  relief.     Pressure  on  the  vessels  which  drain  the 
head,  neck,  and  upper  extremity  may  cause  cyanosis  and  edema;  pressure  upon 
the  brachial  plexus  may  cause  neuralgic  pains  in  the  upper  extremity. 

2.  SUSPICION  OF  MALIGNANCY. — This  is  suggested  by  sudden  develop- 
ment or  rapid  increase  in  the  size  of  a  goiter,  especially  if  this  is  associated  with 
sensitiveness  and  pain,  and  if  the  patient  is  of  advanced  years.     It  is  essential 
that  malignant  goiters  be  operated  upon  early;  therefore,  suspicion  of  malig- 
nancy indicates  immediate  operation. 

3.  DEFORMITY   OR  DISCOMFORT. — While  the  mere  presence  of  a  goiter 
does  not  in  itself  demand  operation,  the  disfigurement,  discomfort,  and  possi- 
bility of  untoward  developments  in  most  cases  render  operation  advisable  even 
in  the  case  of  small  adenomata  and  cysts. 

4.  ABNORMALLY    SITUATED    GOITERS.—  Intrathoracic    goiters,     although 

usually  not  recognized  until  pressure  symptoms  occur,  should  be  attacked  as 
20  B 
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early  as  possible.  Lingual  goiters  call  for  interference  only  if  they  cause  symp- 
toms. 

5.  SYMPTOMS  OF  TOXEMIA. — " There  may  occur  with  any  simple  goiter 
but  especially  with  single  or  multiple  adenomata,  a  slow  chronic  toxic  condi- 
tion which  acts  on  the  system  somewhat  like  the  acute  toxemia  of  exophthalmic 
goiter,  causing  dilatation  of  the  heart,  nephritis,  and  general  anasarca.  Nerv- 
ousness, tremor,  and  tachycardia  may  be  present.  Protrusion  of  the  eyes  does 
not  occur  in  these  cases,  but  the  myocardial  change  may  cause  a  widening  of  the 
palpebral  fissure.  These  cases,  often  called  Graves7  disease,  should  be  classed 
as  complicated  goiter."  "The  average  lapse  of  time  between  the  appearance  of 
the  goiter  and  the  thyrotoxic  symptoms  is  14%  years."  (Mayo  and  Plummer.) 
Kocher  attributes  some  of  these  cases  to  prolonged  use  of  iodin. 

MEDICAL  VS.  OPERATIVE  TREATMENT. — Although  unnecessary  delay  has 
not  the  serious  disadvantages  in  simple  goiter  as  in  exophthalmic,  the  belief  is 
unwarranted  that  every  goiter  should  first  be  treated  medically.  Upon  most 
simple  goiters  medical  treatment  appears  to  have  little  effect ;  however,  in  dif- 
fuse goiters  of  adolescence  iodin  is  often  efficacious  and  several  periods  of  iodin 
medication  should  be  enforced  before  operation  is  recommended  (Kocher),  but 
the  drug  should  be  administered  only  in  small  doses  and  for  short  periods. 

Centra-indications  to  Operation. — If  the  patient  is  a  poor  subject  for  opera- 
tion by  reason  of  circulatory,  respiratory,  renal  or  other  disturbances  the  indi- 
cations for  operation  must  be  carefully  balanced  against  its  risks.  An  existing 
goiter  is  at  times  the  apparent  rather  than  the  real  cause  of  serious  toxic  or 
pressure  symptoms.  This  fact  should  be  borne  in  mind  and  it  should  be  estab- 
lished that  the  thyroid  is  the  cause  of  the  symptoms  before  operation  is  under- 
taken. 

SURGICAL    PROCEDURES 

A  number  of  surgical  procedures  for  the  treatment  of  simple  goiter  are  at 
the  disposal  of  the  operator  whose  choice  must  depend  upon  the  individual  indi- 
cations of  the  case. 

The  procedures  in  general  use  are : 

1.  Excision    (extirpation,   hemi-thyroidectomy)    (Kocher).     Eemoval   of 
one  lobe  or  one  lobe  and  isthmus. 

2.  Resection  (Mikulicz).     Removal  of  part  of  one  lobe  or  parts  of  both 
lobes. 

3.  Enucleation  (Socin,  Billroth).     Separation  of  a  discrete  nodule  or  cyst 
from  the  thyroid  tissue. 

The  above  methods  may  be  used  in  combination. 

4.  Exenteration  (Kocher).     Incision  of  tumor  or  nodule  and  evacuation 
of  its  contents. 

5.  Incision  of  cysts. 

Procedures  which  have  been  employed  occasionally  as  emergency  measures 
include : 
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1.  Dislocation  of  the  goiter ;  endothyropexy  and  exothyropexy. 

2.  Isthmectoray. 

3.  Tracheotomy. 

There  are  also  numerous  discarded  methods. 

The  various  procedures  will  be  discussed  in  the  order  of  the  above  enumera- 
tion. 

Excision. — Excision  or  extirpation  of  one  lobe  is  the  safest  procedure  and 
is  thoroughly  satisfactory  in  appropriate  cases.  It  is  especially  indicated  in 
diffuse  goiters,  the  larger  lobe  being  excised,  with  or  without  resection  of  the 
other  lobe.  It  may  also  be  used  in  nodular  goiters  which  present  in  one  lobe 
multiple  nodules  which  cannot  be  treated  by  enucleation.  When  the  isthmus 
is  diseased  or  is  readily  removable  it  is  excised  together  with  the  lateral  lobe.  A 
pyramidal  lobe  is  likewise  usually  removed. 

Resection. — Resection  is  more  dangerous  than  excision  of  a  lobe,  since  the 
hemorrhage  is  greater  and  more  difficult  to  control  owing  to  the  friability  of 
thyroid  tissue.  Resection,  however,  offers  the  advantage  of  safeguarding  the 
parathyroids  and  the  recurrent  nerve ;  it  may  be  employed  under  the  following 
conditions : 

1.  In  diffuse  goiter  when  unilateral  excision  has  already  been  performed 
either  at  the  same  or  at  a  previous  operation.     Under  such  conditions  the  pos- 
terior part  of  the  remaining  lobe  must  be  left  to  insure  a  sufficiency  of  para- 
thyroids, since  it  is  always  possible  that  2  have  been  removed  with  the  first  lobe. 
Extirpation  of  the  second  lobe,  leaving  only  the  isthmus,  is  a  bad  procedure 
since  it  may  reduce  parathyroid  tissue  to  a  dangerous  degree.     A  review  of  the 
reported  cases  of  tetany  shows  that  excision  of  both  lateral  lobes  leaving  the 
isthmus  has  been  a  relatively  frequent  cause  of  tetany. 

2.  In  some  large  bilateral  diffuse  goiters  bilateral  resection  may  be  em- 
ployed advantageously  to  produce  a  symmetrical  result. 

3.  The  removal  of  the  greater  part  of  a  lobe  in  a  diffuse  goiter  by  shelling 
out  the  tissue  so  as  to  leave  the  posterior  part  with  a  lip  on  each  side  is  at  times 
elected  in  preference  to  excision  of  the  entire  lobe.     This  is  really  a  modifica- 
tion of  resection ;  to  classify  it  under  enucleation,  as  is  sometimes  done,  is  con- 
fusing; the  latter  term  should  be  confined  to  the  removal  of  discrete  nodules 
or  cysts. 

4.  To  remove  a  part  of  a  gland  which  contains  several  discrete  tumors  that 
cannot  be  enucleated. 

Enucleation. — Enucleation  consists  in  the  separation  of  a  discrete,  localized, 
encapsulated  tumor  from  the  thyroid  tissue.  It  is  employed  for  cysts  and 
adenomata.  The  method  should  be  elected  when  feasible  even  in  the  case  of 
large  adenomata  or  cysts.  It  may  be  employed  for  several  nodules ;  if  the  re- 
maining tissue  is  markedly  injured  as  a  result  of  the  enucleations,  excision  or 
resection  of  the  lobe  may  be  substituted.  If  one  lobe  has  been  removed  or  is 
atrophic,  enucleation  should  be  used,  if  possible,  instead  of  resection,  in  order 
to  conserve  as  much  as  possible  of  the  remaining  lobe. 
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Combined  Methods, — Combined  methods,  that  is,  enucleation  and  resection, 
enucleation  and  excision,  resection  and  excision,  are  frequently  employed. 
Thus,  in  large  diffuse  colloid  goiters,  excision  of  one  lobe  and  resection  of  the 
other  is  often  advantageous. 

Incision  of  Cysts  and  Exenteration. — Exenteration,  which  means  literally 
evisceration,  consists  in  incision  of  a  nodule  and  intracapsular  removal  of  its 
tissue,  usually  piecemeal. 

Incision  of  cysts  and  exenteration  are  effective  procedures  for  the  relief  of 
pressure,  particularly  when  there  is  danger  of  asphyxia  and  prompt  relief  is 
imperative.  These  procedures  are  especially  applicable  to  intrathoracic  goiters 
because  the  confined  position  of  the  mass  often  renders  complete  extracapsular 
removal  impossible.  Intrathoracic  nodules  and  cysts  are  likely  to  be  associated 
with  the  development  of  dyspnea  to  a  serious  degree,  and  by  reason  of  their  con- 
cealed position,  dyspnea  is  in  some  cases  the  only  evidence  of  their  presence. 

In  conditions  other  than  intrathoracic  goiters,  exenteration  and  incision  of 
cysts  are  only  indicated  when  immediate  relief  of  pressure  is  imperative  and 
removal  of  the  mass  is  impossible  by  reason  of  the  condition  of  the  patient  or 
conditions  of  the  growth,  such  as  firm  adhesions. 

Displacement  or  Dislocation. — Operative  displacement  or  dislocation  of  a 
goiter  consists  in  freeing  and  dislocating  the  goiter  so  that  it  lies  either  external 
to  the  skin  wound,  exothyropexy ,  or  beneath  the  skin  wound,  endothyropexy. 

Exothyropexy  has  been  rejected  unconditionally  by  Kochner  and  Lanz  and 
only  admitted  as  a  last  resort  by  v.  Eiselsberg  and  others  for  the  rapid  liberation 
of  the  trachea  in  asphyxia  due  to  the  goiter. 

Endothyropexy  has  been  used  both  as  an  accompaniment  of  enucleation,  re- 
section or  excision  and  as  an  independent  operation  of  choice,  particularly  in 
small  recurrent  goiters  and  small  goiters  of  cretins.  Its  rare  indication  is  the 
relief  of  pressure  from  a  goiter  when  hypothyroidism  would  be  likely  to  result 
from  removal  of  thyroid  tissue. 

Isthmectomy. — Isthmectomy  has  been  recommended  and  occasionally  per- 
formed for  the  relief  of  pressure  upon  the  trachea.  While  it  has  been  effective 
in  some  cases,  the  result  will  usually  be  disappointing  because  the  pressure  is 
not  as  a  rule  dependent  upon  the  binding  together  of  the  lobes  by  the  isthmus, 
but  rather,  as  Mayo  points  out,  to  the  fascial  envelope  (surgical  capsule)  around 
the  lateral  lobes  which  occasionally  offers  more  resistance  to  the  developing 
goiter  than  does  the  trachea.  Yet  the  procedure  may  be  employed  with  little 
loss  of  time  in  the  course  of  an  operation  for  the  relief  of  pressure  and  may 
prove  effective. 

Tracheotomy. — Tracheotomy  is  rarely  indicated.  It  should  be  reserved  for 
cases  of  profound  dyspnea  in  which  other  methods  of  relief  are  not  feasible  or 
safe.  If  the  isthmus  is  large  or  low,  tracheotomy  may  prove  an  extremely  diffi- 
cult and  dangerous  procedure.  In  a  case  in  which  I  assisted  the  late  Dr.  W.  T. 
Bull,  a  tracheotomy  was  performed  for  extreme  dyspnea  caused  by  compression 
of  the  trachea  by  the  left  lobe  of  the  thyroid.  The  condition  of  the  patient  was 


FIG.  5. — CYSTIC  GOITER  BEFORE  AND  AFTER  OPERATION.     CROSS-SECTION  or  CYST. 


SIMPLE    GOITKi:  293 

such  that  no  other  procedure  seemed  warranted.  A  low  tracheotomy  was  per- 
formed and  a  metal  tube  was  inserted.  The  patient  died  as  a  result  of  sec- 
oiidary  hemorrhage.  At  autopsy  it  was  found  that  the  tube  had  caused  erosion 
of  the  wall  of  a  lariie  vein  in  the  upper  part  ••!'  the  mediastinum. 

Choice  of  Procedure  for  the  Relief  of  Dyspnea. — For  the  relief  of  dyspnea, 
the  choice  between  the  operative  meth«.<l-  aln-a<lv  -iven  muM  depend  upon  the 
size,  situation,  arid  character  of  the  goiter,  the  facilities  for  operation  and  tin- 
urgency  of  the  symptoms.  If  conditions  warrant  a  radical  operation,  the  appro- 
priate method  should  be  employed,  namely,  excision  of  lobe,  resection  or  enu- 
e  lea  t  ion,  otherwise  a  palliative  procedure  is  indicated.  Of  these,  incision  of 
cysts,  exente  ration,  isthmectomy  and  tracheotomy  should  be  considered  and 
applied  as  indicated.  It  should  be  remembered,  moreover,  that  the  incision  of 
cysts  and  exenteration  are  as  effective  and  frequently  produce  as  permanent  re- 
sults as  more  radical  procedures. 

Obsolete  Procedures. — Numerous  methods  belonging  especially  to  pre-aseptic 
davs  have  been  used  for  the  treatment  of  goiter,  but  have  been  for  the  most  part 
abandoned  and  are  now  of  little  more  than  historic  interest.  Of  these  may  be 
mentioned  cauterization,  subcutaneous  crushing,  drainage  with  setons,  acupunc- 
ture, galvanopuncture,  interstitial  punctures  and  injections  with  a  great  variety 
of  substances,  but  especially  with  preparations  containing  iodin  or  iodoform 
which  were  believed  to  have  a  specific  effect  on  the  gland  substance.  The  in- 
jection method  not  infrequently  gave  rise  to  infection,  and  a  fatal  outcome  was 
not  unusual.  Twelve  deaths  in  consequence  of  injections  were  collected  by 
Heymann  in  1899,  and  this  number  was  doubled  in  2  years  in  the  list  of  deaths 
published  by  Wolfler. 

RESULTS  OF  OPEEATIONS  FOR  SIMPLE  GOITER 

Mortality. — The  mortality  of  operations  for  simple  goiter  is  extremely  low 
and  may  be  estimated  conservatively  as  less  than  1  per  cent,  in  the  hands  of 
skillful  surgeons.  Kocher,  1912,  reported  603  uncomplicated  goiters  without 
death,  and  19  recurrent  goiters  with  no  death.  Palla  and  Schloffer  reported 
hi  1909  and  1910  from  the  Innsbruck  Surgical  Clinic  484  operations  for  non- 
malignant  goiter,  with  6  deaths,  4  due  to  pneumonia,  1  to  epilepsy,  1  to  heart 
failure  possibly  due  to  an  enlarged  thymus.  It  is  unnecessary  to  quote  fur- 
ther statistics;  analyses  of  the  reports  of  all  large  clinics  indicate  a  similar 
insignificant  mortality  rate. 

Postoperative  Complications. — The  postoperative  complications  may  be 
avoided  to  a  large  extent  by  the  exercise  of  care  in  technic  and  by  pre-opera- 
tive  treatment  to  improve  the  condition  of  patients  who  are  poor  operative  risks. 
Pneumonia  and  other  complications  of  operations  in  general  are  at  times  un- 
avoidable. Hemorrhage,  serious  infection  and  severe  shock  should  rarely,  if 
ever,  occur.  Tetany  and  myxedema  are  extremely  rare  complications ;  they  will 
be  discussed  later.  The  esophagus  and  trachea  have  been  opened  in  rare  cases ; 
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such  an  accident  may  lead  to  infection.  An  esophageal  wound,  if  sutured  im- 
mediately, is  said  to  unite  readily. 

Dyspnea,  however  severe,  if  due  to  pressure  by  the  tumor,  is,  as  a  rule, 
almost  immediately  relieved.  If  dyspnea  persists,  it  is  probable  that  the  cause 
of  the  pressure  has  been  overlooked  and  that  a  deep-lying  focus,  usually  retro- 
tracheal  or  intrathoracic,  has  been  left.  Prolonged  pressure  on  the  trachea  may 
lead  to  absorption  of  its  rings  with  consequent  softening  of  its  wall.  As  a  rule, 
after  the  compression  has  been  relieved,  the  normal  caliber  of  the  trachea  ulti- 
mately becomes  reestablished,  but  the  narrowing  of  the  trachea  sometimes  per- 
sists for  a  considerable  time.  Occasionally  the  softened  tracheal  wall  collapses 
during  the  operation  and  must  be  lifted  and  supported,  or,  if  this  fails,  a 
tracheotomy  must  be  performed. 

Dysphagia  usually  persists  for  a  time  or  even  becomes  aggravated  during 
the  first  week,  after  which  it  gradually  subsides.  Symptoms  due  to  pressure  on 
vessels,  such  as  cyanosis  of  the  face  and  edema  of  the  upper  extremity,  disap- 
pear as  soon  as  the  pressure  is  relieved. 

Pressure  on  Nerves.  (1)  As  a  result  of  pressure  by  the  goiter,  a  recurrent 
nerve  may  be  profoundly  affected.  Nevertheless,  even  total  unilateral  paralysis 
has  been  cured  by  operation.  Yet  the  muscles  occasionally  do  not  resume  their 
function  if  the  nerve  has  been  involved  for  a  considerable  time.  (2)  As  a 
result  of  the  operation,  according  to  Pal  la  and  Schloffer,  changes  of  the  vocal 
cords  are  much  more  common  than  is  generally  supposed,  but  the  symptoms 
almost  invariably  subside  or  disappear.  The  injury,  as  a  rule,  is  confined  to 
1  nerve  and  is  rarely  followed  by  permanent  impairment  of  the  voice;  fortu- 
nately, complete  paralysis  of  one  cord  may  be  compensated  for  to  a  great  extent 
by  increased  action  of  the  other. 

Berard  notes  2  cases  in  which  the  ablation  of  the  goiter  relieved  neuralgic 
disturbances  of  the  upper  extremity  with  incipient  atrophy  of  the  muscles  of  the 
shoulder. 


TECHNIC  OP   OPERATIONS   FOR  EXOPHTHALMIC    GOITER    AND 

SIMPLE  GOITER 

The  operative  procedures  about  to  be  described  are  those  which  are  em- 
ployed in  the  treatment  of  simple  goiter  and  exophthalmic  goiter.  They  are 
procedures  which  are  indicated  either  for  the  relief  of  symptoms  of  a  sys- 
temic nature  referable  to  hyperactivity  of  the  thyroid,  or  for  the  relief 
of  local  disturbances  caused  by  the  presence  of  an  enlargement  of  the 
thyroid. 

General  Considerations. — General  precautions,  which  apply  to  all  thyroid 
operations,  irrespective  of  the  indications,  include :  avoidance  of  trauma  to  the 
recurrent  laryngeal  nerve,  preservation  of  parathyroids  to  avoid  tetany  and 
preservation  of  sufficient  thyroid  to  avoid  myxedema. 


FIG.  6. — ADENOMA  OF  THYROID  BEFORE  AND  AFTER  OPERATION.     CROSS-SECTION  OF  ADENOMA. 
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Specific  precautions,  which  apply  chiefly  to  operations  for  exophthalmic 
goiter,  comprise:  careful  preparatory  treatment  until  the  symptoms  are  rela- 
tively quiescent  so  as  to  operate  at  a  favorable  time  in  the  disease ;  proper  selec- 
tion of  anesthetic;  scrupulous  watchfulness  over  the  action  of  the  heart  and 
respiration  during  the  anesthesia ;  diminution  of  shock  by  gentleness  of  manipu- 
hitinn,  relative  speed,  adequate  exposure,  minimal  loss  of  blood,  and  absolute 
hemostasis ;  curtailment  of  absorption  by  adequate  drainage. 

In  any  radical  procedure  upon  the  thyroid  the  essential  technical  feature  is 


FIG.  7. — PATIENT  PREPARED  FOR  OPERATION,  SHOWING  FRAME  AND  APRON  IN  PLACE,  AND  THE  OBLIQUE 

POSITION  or  THE  PATIENT. 

to  provide  a  liberal  exposure  so  that  all  steps  of  the  operation  may  be  performed 
in  an  open  field.  Only  by  the  observance  of  this  precaution  can  troublesome 
hemorrhage  from  the  main  thyroid  vessels  and  from  large  thin-walled  veins  on 
the  surface  of  the  goiter  be  prevented  or  readily  controlled. 

A  modern  operating  table  should  be  used,  adjusted  so  as  to  incline  the  pa- 
tient downward  from  head  to  foot  with  the  object  of  lessening  congestion  of  the 
field  of  operation  (Fig.  7).  The  shoulders  are  elevated  on  a  sand  bag  and  the 
head  allowed  to  fall  backward.  This  extends  the  neck  and  renders  the  opera- 
tive field  prominent.  A  wire  hoop  attachment  is  fixed  to  the  table,  passing 
across  the  lower  part  of  the  face  at  a  distance  of  about  12  in. ;  to  this  is  secured 
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a  sterile  apron  (Fig.  8),  the  lower  edge  of  which  is  secured  about  the  upper  part 
of  the  neck.    The  patient's  head  and  the  anesthetist  are  thus  excluded  from  the 


jpjO<  g. — APRON  WHICH  is  ATTACHED  TO  WIRE  FRAME  AND  AROUND  THE  NECK  OF  PATIENT.     Forty- 
eight  inches  long,  fourteen  inches  wide. 

field.     The  remainder  of  the  operative  field  is  covered  with  sterile  sheets  and 
towels  in  the  usual  way. 


FIG.  9.— INCISIONS  EMPLOYED  FOR  THE  EXPOSURE  OF  THE  THYROID  GLAND. 

Incisions.— Various  incisions  (Fig.  9)  have  been  suggested  and  employed, 
of  which  the  most  notable  are : 
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1.  Transverse  or  "collar"  incision. 

2.  U  incision. 

3.  Hockey  stick  incision,  which  is  formed  by  omitting  from  the  U  incision 
the  upward  prolongation  on  one  si«lc. 

-i.  Oblique  incision,  which  follows  the  anterior  iiiuririn  of  the  sternomas- 
toid. 

5.  Angular  or  bayonet  incision.  This  incision  begins  over  the  sterno- 
mastoid  muscle  at  the  level  of  the  thyroid  cartilage,  passes  inward  and  slightly 
downward  to  the  mid  line,  thence  vertically  downward  to  the  suprasternal 
notch. 

The  tendency  at  the  present  time  is  to  use  the  collar  incision  when  possible, 
modifying  it,  when  necessary,  by  increasing  its  curve  or  extending  1  or  both  of 
its  ends  upward  after  the  manner  of  the  U  or  hockey  stick  incision. 

EXCISION  OR  EXTIRPATION   OF   ONE  LOBE   OR   ONE  LOBE  AND  ISTHMUS 

Incision. — The  Kocher  collar  incision  has  distinct  advantages  over  all  others 
and  should  be  used  as  routine.  It  is  transverse  with  a  slight  curve,  the  concavity 
being  upward,  and  should  correspond  as  closely  as  possible  to  a  natural  fold  or 
crease  of  the  skin.  The  best  cosmetic  effect  is  obtained  by  a  low  incision  about 
3  cm.  above  the  suprasternal  notch  or  2  cm.  above  the  sternal  end  of  the  clavicle. 
But  the  position  as  well  as  the  extent  of  the  incision  must  be  determined  by  the 
demands  of  the  case,  that  is,  the  position  and  size  of  the  part  to  be  removed. 
The  external  jugular  vein  on  one  or  both  sides  may  be  taken  as  the  lateral  limit 
of  the  average  incision.  It  is  justifiable  to  deviate  from  the  typical  trans- 
verse incision  and  to  increase  the  curve  or  extend  its  ends  upward,  but  varia- 
tions should  be  reduced  to  the  minimum  which  is  consistent  with  proper  ex- 
posure. 

Operative  Technic. — The  skin  and  platysma  are  cut  through  and  dissected 
together,  upward  and  downward.  Some  operators  cut  the  platysma  on  a  slightly 
higher  plane  than  the  skin.  The  cervical  fascia  covering  the  muscles  now  lies 
exposed  and  in  this  fascia  are  the  large  anterior  jugular  veins  (Fig.  10).  In- 
stead of  making  flaps  of  skin  and  platysma,  as  described,  the  original  incision 
may  be  carried  through  the  fascia  down  to  the  muscles,  thus  cutting  the  an- 
terior jugular  veins,  which  are  clamped  and  ligated  (Fig.  11).  The  separation 
of  such  a  flap,  including  fascia  and  veins,  is  easy  because  of  the  natural  cleav- 
age plane  between  the  muscles  and  fascia;  at  the  anterior  edge  of  the  sterno- 
mastoid  the  layer  of  fascia  that  passes  behind  the  muscle  must  be  divided  as  the 
flap  is  lifted.  Whichever  method  is  elected,  the  upper  flap  should  be  freed, 
chiefly  by  blunt  dissection,  in  general  to  the  upper  part  of  the  thyroid  carti- 
lage ;  more  or  less  as  the  case  demands.  It  is  held  with  a  single  sharp  retractor 
placed  near  its  base.  The  depressors  of  the  hyoid  now  lie  well  exposed,  in  one 
case  covered  Avith  fascia,  in  the  other,  free.  They  should  be  separated  vertically 
with  scissors  passed  between  the  sternohyoid  muscles;  if  the  relations  of  the 
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parts  are  distorted,  the  natural  division  can  be  gauged  by  the  situation  of  the 
incisura.  Care  is  necessary  to  avoid  injury  to  any  underlying  veins.  The  mus- 
cles may  now  be  separated  with  retractors  for  slight  work  on  the  gland,  such  as 
enucleation  of  small  nodules  (Fig.  25).  But,  in  general,  for  resection  or  ex- 
tirpation, especially  in  large  goiters  and  in  Graves7  disease,  the  sternohyoid, 
sternothyroid  and  omohyoid  should  be  cut  across  and  reflected  on  the  side  to  be 


FIG.  10. — ORIGINAL  INCISION  COMPLETED  AND  FLAPS  REFLECTED,  EXPOSING  THE  FASCIA  WHICH  COVERS 
THE  MUSCLES  AND  CONTAINS  THE  ANTERIOR  JUGULAR  VEINS.  The  flaps  consist  of  skin  and  platys- 
ma  (contrast  the  method  used  here  with  that  employed  in  Figure  11).  Clamps  placed  across  upper  part 
of  sternohyoid,  omohyoid  and  tributary  of  anterior  jugular  vein.  The  drawing  does  not  show  the 
separation  of  the  muscles  in  the  mid  line  which  is  necessary  before  the  clamps  are  applied.  The 
course  of  the  anterior  jugular  veins  was  unusual  in  the  part  from  which  drawing  was  made.  In 
this  case  the  left  anterior  jugular  would  have  to  be  ligated  and  cut  at  its  junction  with  the  right  to 
allow  separation  of  the  muscles.  External  jugular  veins  show  at  lateral  angles  of  the  wound. 

removed.  In  some  cases  I  have  found  it  advisable  to  cut  the  sternothyroid 
only  (Fig.  11)  ;  this  sometimes  is  sufficient  because  the  sternohyoid  and  omo- 
hyoid have  their  insertions  at  a  higher  plane  than  the  sternothyroid  and  are 
more  easily  retracted,  especially  in  the  region  of  the  upper  pole. 

The  line  of  division  of  the  muscles  should  be  high  so  as  to  avoid  their  nerve 
supply  (Fig.  10).  Two  clamps  of  the  Pean  variety  without  teeth  and  with 
longitudinal  serrations  are  used  to  grasp  the  muscles  which  are  to  be  severed. 
They  may  be  placed  close  together  or  at  a  distance  of  about  1%  cm-  from 
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another,  and  should  not  be  closed  sufficiently  to  crush  the  tissue.  The  muscles 
are  cut  between  the  clamps,  which  are  left  attached  t«>  The  cut  edges.  This  step 
may  involve  a  confusing  t/rhiil  in  tlutt  the  sternothyroid  is  frequently  thinned 
and,  since  its  mesial  margin  i<  n«>t  vi-ihle,  the  muscle  may  he  left  undivided 
when  the  sleniohynid  and  ( >ni( >hv< lid  have  heen  cut,  m\<\  the  operator,  believing 
he  has  severed  all  these  muscles,  may  be  confused  by  the  appearance  of  thinned 


FIG.  11. — ENLARGED  RIGHT  LOBE  EXPOSED.  Right  sternomastoid,  sternohyoid  and  omohyoid  retracted; 
sternothyroid  cut  and  reflected.  On  left  side  muscles  retracted.  The  original  incision  included 
skin,  platysma  and  fascia  which  contain  anterior  jugular  veins.  The  flaps  contain  these  structures. 


out  muscle  fibers  overlying  the  capsule  of  the  gland.  With  care,  all  the  muscles 
may  be  severed  together.  Halsted,  however,  advises  dividing  the  sterno- 
thyroid separately,  after  the  others  have  been  divided,  because  of  the  danger  of 
injuring  the  veins  of  the  capsule  in  passing  a  clamp  blindly  under  all  the  mus- 
cles. It  is  unnecessary  to  follow  a  definite  rule,  but  if  the  deeper  muscle  (sterno- 
thyroid) can  be  taken  readily  in  the  original  clamp,  it  appears  better  to  do  so. 
The  only  important  feature  is  to  realize  whether  it  is  the  capsule  or  the  sterno- 
thyroid which  lies  exposed  after  the  original  division  of  the  muscles. 

The  handle  of  the  lower  clamp  is  slowly  rotated  and  the  muscles  as  a  sheet 
are  easily  stripped  free;  the  clamp  is  then  allowed  to  hang  over  the  outer  edge 
of  the  wound ;  the  sternothyroid,  if  divided  separately,  is  treated  in  a  similar 
manner.  The  lobe  with  the  large  veins  of  the  capsule  now  presents  well  ex- 
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posed.  Two  important  steps  must  now  be  taken,  namely,  the  ligation  of  the 
superior  thyroid  vessels  and  the  incision  of  the  surgical  capsule  to  allow  the 
"subcapsular" — that  is,  intracapsular — removal  of  the  lobe.  The  order  in 
which  these  steps  should  be  carried  out  varies  with  the  case.  In  small  goiters 
the  upper  pole  may  be  attacked  at  once.  The  pole  is  grasped  with  the  fingers 


FIG.  12. — RIGHT  LOBE  EXPOSED  AND  SURGICAL  CAPSULE  INCISED.  Middle  thyroid  vein  ligatcd.  The 
original  incision  in  this  case  included  skin,  platysma  and  deep  fascia  in  which  the  anterior  jugular 
veins  lie.  These  veins  are  therefore  cut,  and  reflected  in  the  flaps.  The  sternohyoid  and  omohyoid 
were  cut  together  between  clamps;  the  sternothyroid  was  clamped  and  cut  separately. 


and  lifted  forward  and  the  superior  thyroid  vessels  ligated  and  cut.  In  large 
and  vascular  goiters,  it  is  often  well  to  incise  the  capsule  before  attacking  the 
superior  thyroid  vessels.  By  way  of  preparation  for  the  incision  of  the  capsule, 
it  is  often  advisable  to  liberate  the  lobe  somewhat  so  as  to  expose  its  lateral  sur- 
face. This  is  done  by  passing  the  finger  gently  into  the  plane  mesial  to  the 
carotid  and,  keeping  away  from  the  capsule  as  much  as  possible  so  as  not  to 
tear  the  veins,  freeing  this  tissue  plane  upward  and  downward.  This  liberates 
the  lobe  from  the  surrounding  tissues  to  a  considerable  extent  and  if  carefully 
done  does  not  cause  hemorrhage.  The  capsule  is  then  opened  vertically  at  the 
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side  of  the  lobe,  far  enough  forward  to  allow  control  of  hemorrhage  should  an 
accident  occur  (Fig.  12). 

A  Kocher  enucleator  is  passed  under  veins  that  are  encountered  in  the  cap- 
sule and  they  are  doubly  limited  and  cut  between  ligatures.  Immediate  double 
ligature  is  preferable  to  clamping  with  <!<•  laved  li nation  in  such  vessels  and  does 


FIG.  13. — RIGHT  LOBE  FREED  FROM  THE  SURGICAL  CAPSULE.  Superior  thyroid  vessels  ligated  and 
cut.  Lobe  drawn  forward  and  well  over  to  the  left  side  exposing  the  inferior  thyroid  vessels  and 
parathyroids.  A,  Stump  of  superior  thyroid  vessels;  B,  superior  parathyroid;  C,  branches  of  inferior 
thyroid  artery;  D,  inferior  parathyroid;  E,  inferior  thyroid  veins. 

not  cause  appreciable  delay.  The  capsule  is  cut  with  blunt-pointed  scissors 
downward  as  far  as  practical,  then  upward  to  the  anterior  aspect  of  the  pole. 
The  superior  vessels  are  here  encountered  and  should  be  exposed,  a  retractor 
being  placed  in  the  upper  outer  angle  of  the  wound.  The  vessels  should  be 
thoroughly  freed  while  gentle  traction  is  exerted  upon  the  gland  and  their  liga- 
tion  made  with  extreme  care,  a  fairly  long  stump  being  left  distal  to  the  liga- 
ture. Secondary  hemorrhage  is  said  to  be  due  most  often  to  these  vessels  and 
has  been  ascribed  to  the  inclusion  in  the  ligature  of  muscle  strands  which  subse- 
quently may  be  drawn  out  of  the  ligature  by  movements  of  the  neck.  Whether 
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the  vessels  are  clamped  or  tied  on  the  gland  side  is  immaterial,  although  here, 
too,  ligation  appears  advisable. 

The  upper  pole  is  now  dislocated  and  drawn  forward  and  mesially  hy  the 
assistant.     The  tissues  are  bluntly  dissected  or  wiped  off  the  posterior  surface 


E' 


FIG.  14. — RELATIONS  OF  STRUCTURES  POSTERIOR  TO  LATERAL  LOBE.  Thyroid  viewed  from  side. 
Capsule  cut  and  stripped  from  right  lobe  and  the  lobe  drawn  forward  and  to  the  left  so  as  to  expose 
the  structures  in  relation  with  its  posterior  surface.  The  exposure  has  been  carried  out  as  in  an 
operation  with  the  exception  that  the  superior  vessels  have  not  been  severed.  Drawing  made  from 
dissection  of  an  autopsy  specimen  in  a  case  of  exophthalmic  goiter.  The  relations  of  the  parathyroids 
to  the  inferior  thyroid  artery  and  capsule  are  of  particular  interest  in  this  specimen.  The  superior 
parathyroid  stripped  off  readily  with  capsule,  the  inferior  did  not  strip  off  and  was  left  in  close 
contact  with  the  thyroid  and  the  lower  branch  of  the  inferior  thyroid  artery.  A,  Superior  thyroid 
artery  after  penetrating  capsule,  displaced  somewhat  anteriorly  with  the  lobe;  A',  superior  thyroid 
vein;  B  and  B',  surgical  capsule  stripped  from  the  gland;  C,  common  carotid  artery  beneath  the 
capsule;  D,  superior  parathyroid;  D',  inferior  parathyroid;  E  and  E',  branches  of  inferior  thyroid 
artery  with  accompanying  veins  ;  veins  in  this  position  are  not  usually  noted  ;  F,  inferior  thyroid 
artery  beneath  capsule  before  perforation  of  the  capsule  by  its  terminal  branches  ;  G,  course  of  re- 
current laryngeal  nerve  beneath  capsule  ;  H,  situation  of  trachea  ;  I,  right  subclavian  artery  ;  K, 
right  vagus  ;  L  and  L',  inferior  thyroid  veins  ;  M,  trachea  ;  N,  aorta. 
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of  the  lobe  as  it  is  lifted.  This  procesfl  is  continued  until  the  branches  of  the 
inferior  thyroid  artery  are  encountered  i  I-  i-.  L8),  These  vessels  are  clamped 
and  cut  as  they  enter  tin-  "hmd.  Small  vessels  nerd  nut  be  clamped  on  the  gland 
side,  because  the  continuous  traction  exercised  by  the  assistant  is  usually  suffi- 
cient to  control  hemorrhage.  The  dissection  should  be  carried  as  close  as  pos- 
sible to  the  true  capsule  of  the  gland  and  independent  small  bits  of  tissue  should 


FIG.  15. — LOBE  REMOVED.  A,  Isthmus  cut  across  and  cut  surface  sutured;  B,  surgical  capsule;  P,  para- 
thyroids; F,  depressors  of  hyoid  bone  reflected.  1,  Superior  thyroid  vessels;  2,  branches  of  inferior 
thyroid  artery;  3,  inferior  thyroid  veins;  drawing  made  at  operation.  The  parathyroids  and  stumps 
of  the  branches  of  the  inferior  thyroid  artery  are  external  to  their  normal  positions  on  account  of 
traction  upon  surgical  capsule. 


be  sought  for,  stripped  from  the  thyroid,  and  left  uninjured.  Halsted  origi- 
nally recommended  clamping  the  branches  of  the  inferior  thyroid  close  to  the 
gland  substance  rather  than  ligation  of  the  vessel  stem,  because  the  blood  supply 
of  the  parathyroids  is  better  insured  by  this  method.  While  this  method  is 
satisfactory,  careful  ligation  of  the  main  trunk  is  not  contra-indicated.  But, 
whether  the  main  stem  or  its  terminal  branches  are  ligated,  care  should  be 
taken  to  avoid  including  in  a  ligature  or  clamp  the  inferior  parathyroid,  which 
frequently  lies  in  close  relation  to  this  vessel.  If  small  bits  of  tissue  suggestive 
of  parathyroid  are  removed,  they  should  be  planted  immediately  beneath  the 
capsule  of  the  remaining  part  of  the  thyroid  or  into  some  other  appropriate  part 
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of  the  wound.  The  lobe  has  now  been  freed  without  injury  to  the  parathyroids 
or  recurrent  nerves  which,  as  Halsted  states,  should  practically  never  occur  if 
this  subcapsular  procedure  of  C.  H.  Mayo  is  carefully  carried  out.  Figures  14 
and  15  illustrate  the  relations  of  structures  posterior  to  the  lateral  lobe. 

It  is  sometimes  advisable,  as  suggested  by  Kocher,  to  modify  this  procedure 
by  leaving  a  thin  layer  of  the  posterior  part  of  the  lobe  in  situ,  the  main  por- 
tion of  the  lobe  being  resected.  This  method  favors  the  preservation  of  the 
parathyroids  and  avoids  injury  to  the  recurrent  laryngeal  nerve.  The  pro- 
cedure involves  more  troublesome  hemorrhage,  but  in  some  cases,  especially  in 


FIG.  16. — LAST  STEP  OF  OPERATION.     Muscles  repaired;  drain  consisting  of  fenestrated  rubber  tube 
penetrated  by  two  rubber  tissue  drains  in  place;  skin  incision  closed  by  subcuticular  stitch. 

diffuse  simple  goiters,  it  can  be  carried  out  readily.  When  the  operation  is  per- 
formed for  a  recurrent  goiter,  one  lobe  already  having  been  removed,  it  is  im- 
perative to  leave  the  posterior  part  of  the  second  lobe  in  relation  with  which  2 
of  the  parathyroids  usually  lie. 

The  isthmus  should  next  be  freed  from  the  trachea  as  the  lobe  is  drawn 
further  to  the  opposite  side.  The  isthmus  may  be  crushed  and  ligated  or 
clamped  close  to  the  other  lobe  and  cut  across.  The  clamp  is  then  overhanded 
with  a  continuous  stitch  of  catgut  which  is  tightened  after  removal  of  the 
clamp.  If  a  pyramidal  lobe  is  present  it  should  be  removed ;  a  strand-like  rem- 
nant, representing  the  thyroglossal  duct,  should  be  cut.  All  hemorrhage  should 
be  completely  stopped.  In  large  bilateral  goiters  with  symptoms  of  pressure  on 
the  trachea,  Mayo  counsels  division  of  isthmus  and  dissection  of  the  lobe  out- 
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RELATIONS  OP  STRUCTURES  POSTERIOR  TO  LATERAL  LOBE.  Thyroid  viewed  from  side.  Capsule  cut 
and  stripped  from  ri?ht  lobe  and  the  lobe  drawn  forward  and  to  the  left  so  as  to  expose  the  struc- 
tures in  relation  with  its  posterior  surface.  The  exposure  has  been  carried  out  as  in  an  operation 
with  the  exception  that  the  superior  vessels  have  not  been  severed.  Drawing  made  from  dissec- 
tion of  an  autopsy  specimen  in  a  case  of  exophthalmic  goiter.  The  relations  of  the  parathyroids 
to  the  inferior  thyroid  artery  and  capsule  are  of  particular  interest  in  this  specimen.  The  superior 
parathyroid  stripped  off  readily  with  capsule;  the  inferior  did  not  strip  off  and  was  left  in  close 
contact  with  the  thyroid  and  the  lower  branch  of  the  inferior  thyroid  artery.  A,  Superior  thyroid 
artery  after  penetrating  capsule,  displaced  somewhat  anteriorly  with  the  lobe;  A',  superior  thyroid 
vein;  B  and  B',  surgical  capsule  stripped  from  the  gland;  C,  common  carotid  artery  beneath  the 
capsule;  D,  superior  parathyroid ;  D',  inferior  parathyroid;  E  and  E',  branches  of  inferior  thyroid 
artery  with  accompanying  veins  (veins  in  this  position  are  not  usually  noted) ;  F,  inferior  thyroid 
artery  beneath  capsule  before  perforation  of  the  capsule  by  its  terminal  branches;  G,  course  of  re- 
current laryngeal  nerve  beneath  capsule;  H,  situation  of  trachea;  I,  right  subclavian  artery;  K, 
right  vagus;  L  and  L'f  inferior  thyroid  veins;  M,  trachea;  N,  aorta. 
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ward.  In  the  rare  event,  of  mllap-r  <»!'  the  trachea  num-  t-»  changes  in  its  wall 
resulting  from  long  pressure,  it  must  be  lifted  with  tWeeps  or  suture  and,  if 
possible,  fixed  by  sutures  to  adjacent  tissues  or,  if  this  is  impracticable,  a 
tracheotomy  should  be  performed. 

A  counter  opening  for  drainage  is  now  made  in  the  mid  line  below  the  in- 
cision. The  object  of  this  comparatively  early  preparation  for  drainage  is  to 
ensure  recognition  of  hemorrhage  from  the  puncture  and  its  control  before 
closure  of  the  tissues  is  begun.  The  divided  muscles  are  then  united  with  fine 
chromic  catgut.  If  the  clamps  have  been  placed  some  distance  apart,  so  that 
considerable  muscle  edge  has  been  left  beyond  them,  the  edges  are  sutured  to- 
gether and  the  clamps  removed;  but  if  they  have-  been  placed  close  together  a 
different  method  is  followed.  In  that  case  the  clamps  are  approximated  and  a 
continuous  stitch  is  taken  around  the  two  clamps.  The  clamps  are  removed 
and  the  stitch  is  tightened  and  tied.  It  is  well  to  reinforce  this  continuous 
stitch  with  several  mattress  sutures  inserted  and  tied  before  removal  of  the 
clamps.  The  drain  is  then  inserted.  The  details  of  drainage  are  discussed  be- 
low. A  few  interrupted  plain  catgut  sutures  are  then  placed  so  as  to  approxi- 
mate the  mesial  edges  of  the  sternohyoid  muscles. 

Closure  of  Wound. — Complete  and  careful  closure  of  the  platysma  and  deep 
fascia  is  essential  to  obtain  a  satisfactory  scar.     Interrupted  suture  is  the  most 
secure  and  consumes  little 
more  time  than  a  contin- 
uous suture.     The  sutures 
are  passed  from  the  depth 
of  the  lower  flap  outward 
and   then   in    the   reverse 
direction   through   the 
platysma  and  fascia  of  the 

a  TTTi-  •    j        FlQ-    17> — DRAIN  USED  BY  THE  AUTHOR.      Fenestrated  rubber 

upper     nap.         When     tied  tube  penetrated  by  rubber  tissue  drain. 

the    knots    lie    under    the 

fascia  with  no  projecting  ends.     Mattress  sutures  are  a  disadvantage  in  that 

they  cause  puckering. 

The  skin  is  closed  with  subcuticular  stitch  of  fine  chromic  gut  with  a  small 
straight  Hagedorn  needle.  Sterile  adhesive  plaster  strips  may  be  applied 
obliquely  over  the  wound  for  greater  security.  A  dry  dressing  is  applied  and 
covered  with  a  starch  bandage  so  as  to  prevent  extension  of  the  neck. 

Drainage. — Drainage  is  indicated  in  proportion  to  the  extent  of  cut  surface 
of  thyroid,  the  probability  of  hemorrhage,  and  the  likelihood  of  toxic  nature  of 
the  secretion.  Thus,  in  enucleation  of  small  cysts  or  adenomata,  drainage  often 
may  be  dispensed  with,  while  resection  of  part  of  a  lobe  as  a  rule  demands 
drainage.  A  counter  opening  for  drainage  is  always  preferable  to  drain- 
age through  the  operative  wound.  First,  it  does  not  interfere  with  ac- 
curate approximation  of  the  wound  edges,  and,  second,  superficial  infection 

along  the  drainage  tract  is  relatively  innocuous  in  the  punctured  wound  but  is 
21  B 
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likely  to  extend  along  the  operative  wound  and  affect  the  cosmetic  result  by 
widening  the  scar. 

The  most  serviceable  form  of  drain  for  this  and  for  similar  operations,  in 
my  experience,  is  a  fenestrated  rubber  tube  through  which  is  passed  1  or  2 
rolled  or  twisted  pieces  of  rubber  tissue  of  a  size  which  allows  the  rubber  tissue 
to  lie  loosely  in  the  caliber  of  the  tube  so  as  not  to  occlude  it  (Fig.  17).  The 
rubber  tissue  should  extend  to  the  extreme  depth  of  the  wound,  and  the  tube 
should  project  a  short  distance  beneath  the  muscles.  By  this  means  early  drain- 
age is  satisfactory,  the  rubber  tissue  does  not  plug,  as  does  gauze,  while  its  re- 
moval is  easy,  and  when  extracted  it  opens  the  caliber  of  the  tube  for  further 
drainage.  The  rubber  tissue  should  as  a  rule  be  removed  in  24  to  48  hours,  the 
rubber  tube  24  to  48  hours  later.  If  possible  no  drain  should  be  reinserted. 

RESECTION 

Good  exposure  is  absolutely  essential  for  safety.  The  incision  is  planned 
according  to  the  size  and  situation  of  the  part  to  be  removed.  For  small  uni- 
lateral resections,  a  transverse  incision  is  usually  sufficient.  For  large  bilateral 
resections  a  U  incision  may  be  necessary.  The  lobe  or  lobes  are  exposed  just  as 
for  excision,  with  retraction  or  section  of  the  depressor  muscles  as  indicated. 
The  part  to  be  resected  is  freed  by  blunt  dissection  as  far  as  this  can  be  done 
safely  without  causing  hemorrhage. 

The  following  resections  may  be  performed :  Superior  or  inferior  portions 
of  lobe,  isthmus,  wedge-shaped  vertical  section  from  1  or  both  lobes.  Neces- 
sary vessels  are  secured  prior  to  the  removal  of  the  tissue,  but  the  thyroid 
arteries  are  not  ligated  as  a  routine  preliminary  or  accompaniment  of  resection. 
Except  in  wedge-shaped  resections,  a  heavy  clamp  is  placed  across  the  part  to  be 
removed  and  the  tissue  is  cut  away  and  a  ligature  or  suture  applied  approxi- 
mately in  the  same  way  as  after  section  of  the  isthmus  in  excision. 

Wedge-shaped  resection  is  indicated  in  certain  cases,  although  the  procedure 
presents  the  disadvantage  that  the  remaining  tissue  may  be  left  in  a  damaged 
condition.  In  large  diffuse  bilateral  simple  goiters,  bilateral  resection  gives  the 
best  results.  The  following  procedure  was  used  by  me  in  the  case  illustrated  in 
Figure  18,  operated  upon  at  the  French  Hospital  in  November,  1908. 

The  isthmus  was  clamped  and  cut  across.  The  left  lobe,  the  larger,  was 
then  freed  -considerably,  leaving,  however,  the  posterior  part  undisturbed.  The 
largest  veins  were  cut  between  double  ligatures  well  back.  Two  large  intestinal 
clamps  covered  with  rubber  tubing  were  placed  one  from  above  and  the  other 
from  below,  their  ends  overlapping  slightly.  (In  a  smaller  lobe  one  clamp  would 
be  sufficient.)  The  clamps  were  closed  sufficiently  to  control  hemorrhage  with- 
out crushing  the  tissue  unnecessarily.  Two  parallel  vertical  incisions  were  then 
made  and  the  main  part  anterior  to  the  clamps  excised.  The  cut  surface  con- 
sisted of  lips  forming  a  V  on  cut  section.  The  edge  was  overhanded  all  around 
with  a  button-hole  stitch,  after  which  mattress  sutures  were  passed  at  vari- 


FIG   18. — DIFFUSE  COLLOID  GOITER  BEFORE  AND  AFTER  OPERATION. 
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cms  depths  to  bring  the  cut  surfaces  into  apportion.     There  was  sli 
eral  oozing  and  one  vessel  bled  freely  and  wa>  limited.     On  the  right  side  th« 
superior  thyroid  vessels  were  ligated,  after  whirh  the  lobe  was  dealt  with  as  on 
the  other  side.    It  was  necessary  to  remove  the  cut  stumps  of  the  isthmus  inde- 
pendently on  each  side. 

This  case  demonstrates  the  feasibility  of  cutting  across  a  lobe  at  will  and  of 
leaving  the  posterior  part  of  a  lobe  with  blood  supply  inviolate,  thus  eii.-urin- 
the  parathyroids  and  their  blood  supply  and  not  endan^-rin^  th«  recurrent 
nerve. 

The  advantages  of  double  resection  in  certain  types  of  goiter  have  been 
admirably  presented  by  Balfour  (2)  in  a  recent  communication.  He  describes 
the  method  employed  at  the  Mayo  Clinic,  which  is  as  follows: 

After  freeing  both  lobes  and  planning  what  portions  of  each  should  be  removedf 
the  isthmus  is  divided  and  freed  on  each  side  from  the  trachea.  "A  series  of  Ochsner 
forceps  are  applied  somewhat  as  follows:  One  at  the  superior  pole,  as  a  rule  about 
an  inch  from  the  upper  extremity,  one  at  the  inferior  pol.-,  thr«  or  four  laterally, 
placed  on  the  larger  vessels  in  the  capsule  and  two  or  three  on  the  tracheal  side, 
These  forceps  appropriately  placed  serve  the  joint  purpose  of  marking  the  limitation! 
of  the  resection  and  of  enabling  one  to  control  hemorrhage  by  traction  on  them  along 
with  support  of  the  lobe  from  behind  with  the  finger.  The  lobe  is  then  encircled 
with  an  incision  through  the  capsule  just  above  the  forceps.  The  resection  is  then 
made  by  wedging  out  the  interior  of  the  gland. 

"Starting  at  either  pole,  a  continuous  mattress  suture  of  plain  catgut  from  o 
to  inner  capsule  is  inserted  behind  the  line  of  forceps  originally  placed  on  the  capsule 
and  continued  to  the  other  extremity  of  the  lobe.  This  controls  practically  all  the 
bleeding  and  obliterates  the  cavity  in  the  center  of  the  lobe.  The  same  guturo, 
returning  in  an  opposite  direction,  by  a  locking  or  button-hole  stitch  catches  the 
edge  of  the  capsule  and  rolls  the  two  edges  together  into  some  semblance  to  a  nor- 
mal lobe." 

The  opposite  side  is  treated  in  the  same  way,  resecting  as  much  as  seems  necessary. 


LIGATION    OF    SUPERIOR    THYROID    VESSELS 

A  transverse  incision  (Fig.  19)  corresponding  to  a  natural  fold  or  crease  of 
the  skin  is  best,  since  it  gives  ample  exposure  and  leaves  the  least  scar.  IT  i- 
placed  in  general  on  a  level  with  the  middle  of  the  thyroid  cartilage,  but  the 
position  is  modified  according  to  the  size  of  the  goiter.  The  situation  of  the 
upper  pole  should  be  estimated  and  the  incision  made  over  it.  For  unila 
ligation  the  incision  extends  from  near  the  midline  outward  about  2  in.  The 
skin,  platysma  and  deep  fascia  are  cut  and  dissected  together  upward  and 
downward.  The  anterior  border  of  the  sternomastoid  is  retracted  laterally  and 
the  omohyoid  is  drawn  mesially.  The  upper  pole  and  vessels  are  thus  exposed 
(Fig.  20).  A  ligature  of  chromic  catgut,  linen  thread  (Mayo),  or  silk  (llal- 
sted)  is  passed  around  the  vessels  close  to  or  including  the  pole  and  tied,  If  a 
vein  is  pierced  the  ligature  should  be  drawn  upon  and  another  passed  somewhat 


FIG.  19. — A,  INCISION  FOB  LIGATION  OF  SUPERIOR  THYROID  VESSELS;  B,  INCISION  FOR  EXPOSURE  OF 
INFERIOR  THYROID  ARTERY,  ANTERIOR  TO  STERNOMASTOID  MUSCLE. 


FIG.  20. — EXPOSURE  OF  SUPERIOR  THYROID  ARTERY.      a,  Sternomastoid ;    b,  anterior  jugular  vein; 
c,  omohyoid;  d,  thyroid  gland;  e,  superior  thyroid  ajtery;  f,  superior  thyroid  vein. 
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deeper  (Mayo).     Drainage  is  ordinarily  iiniicrcssary.     The  platysma  and  fascia 
are  closed  with  interrupted  sutures  and  the  skin  with  subcuticular  stitch. 

For  bilateral  ligation  Mayo  recommends  an  incision  about  2^  in.  long  with 
its  center  in  the  inidline.  This  gives  a  good  exposure.  However,  single  inci- 
sions may  be  used  to  advantage  especially  in  bilateral  enlargements  with  high 
thick  poles. 

UGATION    OF    INFERIOR    THYROID    ARTERY 

There  are  2  methods  of  approaching  this  vessel  and  each  has  strong  support- 
ers. In  one  the  artery  is  approached  anterior  to  the  sternomastoid ;  in  the 


FIG.  21. — EXPOSURE  OF  INFERIOR  THYROID  ARTERY  (1).     Flaps  retracted. 

b,  sternomastoid  muscle. 


a,  Anterior  jugular  vein; 


other,  from  behind  this  muscle.  An  exact  knowledge  of  the  anatomy  of  the 
parts  is  mandatory  in  attempting  either  method.  With  such  knowledge  the  pos- 
terior method  is  probably  the  easier;  without  such  knowledge  the  anterior 
method  is  the  least  dangerous. 

1.  Anterior  Operation  (Figs.  19,  21,  22,  23). — A  transverse  incision  is 
made  2  to  3  cm.  above  the  clavicle  corresponding  to  a  natural  fold  or  crease  of 
the  skin,  extending  from  the  mid  line  well  outward  over  the  body  of  the  sterno- 
mastoid muscle,  the  length  depending  upon  the  size  of  the  thyroid  lobe  and 
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thickness  of  the  tissues.  The  skin,  platysma  and  deep  fascia  are  incised  and 
dissected  together  upward  and  downward.  The  edge  of  the  sternomastoid  is 
freed  and  retracted  outward  and  the  sternothyroid  is  retracted  inward.  The 
lower  part  of  the  thyroid  gland  is  thus  exposed  and  should  be  retracted  some- 
what forward  and  mesially;  this  opens  the  space  between  the  mesial  aspect  of 
the  carotid  sheath  and  the  thyroid  gland.  The  inferior  thyroid  artery  lies  on  a 
plane  a  trifle  deeper  than  the  common  carotid  and  is  covered  by  a  fascial  layer. 


FIG.  22. — EXPOSURE  OF  INFERIOR  THYROID  ARTERY  (2).     a,  Sternomastoid;  b,  anterior  jugular  vein; 

c,  sternothyroid  muscle. 

The  vessel  is  much  more  difficult  to  expose  than  the  superior.  The  mistake 
usually  made  is  that  it  is  sought  too  low.  Under  normal  conditions  its  course  is 
downward  and  inward  from  behind  the  carotid  at  a  point  approximately  %  the 
distance  between  the  sternal  notch  and  the  lower  edge  of  the  cricoid  cartilage. 
If  these  normal  relations  are  borne  in  mind,  its  position  may  be  better  estimated 
under  the  conditions  which  prevail  with  an  enlarged  thyroid.  In  some  cases  a 
large  vein,  the  middle  thyroid,  is  encountered  on  a  plane  superficial  to  the  artery 
passing  outward  anterior  to  the  carotid  artery  to  the  internal  jugular.  This 
vein  should  be  ligated  if  present.  The  inferior  thyroid  artery  is  not  exposed 
until  the  fascial  layer  immediately  internal  to  the  carotid  is  split.  The  vessel 
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is  lifted  with  an  aneurysm  needle  and  ligated  close  to  the  carotid  artery;  injury 
to  the  inferior  parathyroid  and  recurrent  laryngeal  is  thus  avoided.  The 
closure  of  the  wound  is  made  as  in  ligation  of  the  superior  thyroid. 

2.  Posterior  Operation. — I  am  indebted  to  Dr.  John  Rogers  for  demonstrat- 
ing to  me  the  value  of  this  method  and  the  relative  facility  with  which  it  can  be 
carried  out.  The  incision  may  be  oblique  or  transverse.  Rogers,  who  employs 
the  posterior  route  as  routine  under  local  anesthesia,  uses  the  oblique  incision ; 
I  have  found  the  transverse  incision  equally  satisfactory,  with  the  advantage 


FIG.  23. — EXPOSURE  OF  INFERIOR  THYROID  ARTERY  (3).  a,  Sternomastoid ;  b,  sternothyroid;  c,  com- 
mon carotid;  d,  thyroid  gland;  e,  inferior  thyroid  artery  covered  by  fascia.  The  fascia  has  been 
split  and  a  ligature  passed  around  the  artery. 

that  it  leaves  a  better  scar.  A  transverse  incision  should  be  placed  about  21/-> 
cm.  above  the  clavicle  with  its  center  corresponding  to  the  posterior  border  of 
the  sternomastoid  muscle.  The  incision  includes  the  skin,  platysma  and  deep 
fascia ;  these  tissues  are  freed  together  and  retracted  upward  and  downward. 
If  an  oblique  incision  is  used,  it  is  placed  over  the  lower  2^/o  in.  of  the  posterior 
border  of  the  sternomastoid  muscle ;  the  fascia  is  incised  near  the  external 
jugular  vein,  which  is  ligated  if  necessary.  The  subsequent  steps  are  the  same, 
irrespective  of  which  incision  has  been  employed.  The  sheath  of  the  great  ves- 
sels is  exposed  and  retracted  inward.  The  dissection  is  carefully  continued 
until  the  outer  edge  of  the  scalenus  anticus  is  exposed.  This  is  the  important 
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landmark,  and  the  remainder  of  the  operation  is  comparatively  easy.  The  dis- 
section is  continued  bluntly  inward  along  the  anterior  surface  of  the  fascial 
layer  which  covers  this  muscle ;  injury  to  the  phrenic  nerve,  which  crosses  the 
muscle  posterior  to  this  fascia,  is  thus  avoided.  The  vessel  sheath  with  its  con- 
tents is  drawn  forward  and  mesially  by  a  long  right-angled  retractor  about  % 
in.  wide. 

When  the  inner  margin  of  the  scalenus  anticus  is  reached,  the  tissues  in- 
ternal to  it  are  opened  bluntly  with  the  index  finger  and  the  inferior  thyroid 


FIG.  24. — EXPOSURE  OF  INFERIOR  THYROID  ARTERY  BY  POSTERIOR  ROUTE;  TRANSVERSE  INCISION.  A, 
Flap  containing  skin,  platysma  and  deep  fascia;  B,  sternomastoid ;  C,  omohyoid;  D,  scalenus  anticus 
covered  with  fascia;  E,  phrenic  nerve  beneath  fascia;  F,  transversalis  coli  artery;  G,  inferior  thyroid 
artery,  through  slit  in  fascia;  H,  clavicle. 

artery  can  be  seen  and  felt  behind  a  thin  layer  of  fascia  just  internal  to  the 
mesial  border  of  the  muscle.  The  fascia  is  opened  and  the  artery  is  raised  with 
an  aneurysm  needle  and  ligated  with  chromic  catgut.  Extreme  care  is  neces- 
sary in  this  step  because  the  wall  of  the  artery  is  thin  and  easily  torn ;  more- 
over, the  depth  of  the  wound  renders  the  control  of  hemorrhage  difficult.  The 
wound  is  closed  without  drainage,  unless  there  is  a  probability  of  hemorrhage, 
in  which  case  a  rubber  tissue  drain  should  be  inserted.  The  operation  can  be 
performed,  with  practically  no  suffering,  under  local  anesthesia. 


ENUCIiEATION 


The  part  containing  the  nodule  or  nodules  is  freely  exposed  by  a  transverse 
incision  following  the  method  described  under  the  technic  of  excision.  Ee- 
traction  or  section  of  the  depressors  of  the  hyoid  is  elected  according  to  the  re- 
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quirements  of  the  case,  depending  upon  the  size,  position  and  number  of  the 
adenomata  or  cysts  to  be  removed.  The  uland  ha\ •\\\>j;  IK-CM  exposed,  the  surgical 
capsule  is  incised,  any  veins  encountered  I.ein^  c:iref'ully  clamped  ami  limited. 
The  true;  capsule  and  tissue  of  the  thyroid  overlying  the  nodule  are  incised  until 
the  nodule  is  reached.  The  wound  in  the  ••land  is  then  stretched,  rather  than 
cut,  to  an  appropriate  size  by  inserting  and  opening  an  instrument  such  as  scis- 
sors. The  nodule  is  carefully  shelled  out  with  an  enucleator  or  the  finger. 
Deep  mattress  sutures  of  catgut  are  then  inserted  to  approximate  the  sides  of 
the  space  and  control  oozing.  Drainage  should  be  provided  if  there  is  a  large 
area  of  raw  tissue  or  a  probability  of  hemorrhage.  The  drain  may  be  gauze, 


FIG.  25. — ENUCLEATION  OF  ADENOMA.     Drawing  made  at  operation.     Transverse  incision,  retraction 

of  muscles. 

"cigarette"  or  preferably  a  tube  with  rubber  tissue  as  described  on  page  305. 
The  wound  is  closed  in  the  same  manner  as  in  excision.  The  procedure  is  not 
devoid  of  danger  chiefly  by  reason  of  hemorrhage,  which  may  be  immediate  or 
secondary.  The  method  is  only  applicable  to  nodular  and  cystic  goiters. 


EXENTERATION 

Expose  as  in  enucleation.  The  nodule  is  incised  and  the  contents  turned  out 
with  the  finger  or  with  an  instrument,  such  as  an  enucleator  or  curet,  and  the 
wound  drained.  Specific  details  are  given  under  intrathoracic  goiter,  page  314. 
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Lingual  Thyroid  (Lingual  Goiter).- — Thyroid  tissue  occasionally  occurs  in 
the  posterior  third  of  the  tongue.     It  may  represent  an  accessory  thyroid  or  a 
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misplaced  gland,  of  normal  or  pathologic  structure,  which  has  developed  in  a 
high  position  as  a  result  of  an  undescended  stalk.  Clinically  it  presents  as  a 
smooth,  rounded,  elastic,  slow-growing,  painless  tumor  beneath  the  mucous 
membrane  near  the  base  of  the  tongue.  It  projects  upward  and  backward  be- 
tween the  pillars  of  the  fauces  and  may  obstruct  the  pharynx  to  a  variable  de- 
gree, causing  difficulty  in  swallowing,  respiration  and  phonation,  though  the 
symptoms  are  not  as  a  rule  marked.  The  tumor  may  also  be  evident  as  a  bulg- 
ing beneath  the  chin.  Removal  of  the  tissue  is  indicated  if  there  is  discomfort, 
sudden  or  rapid  increase  in  size  or  interference  with  deglutition,  respiration  or 
speech.  But  a  benign  growth  should  not  be  wholly  removed  unless  there  is 
assurance  of  the  existence  of  thyroid  tissue  elsewhere.  In  case  of  doubt,  an 
incision  should  be  made  to  demonstrate  the  presence  or  absence  of  a  gland  in 
the  normal  position ;  if  none  is  present,  the  lingual  thyroid  should  not  be  oper- 
ated upon  unless  the  symptoms  are  urgent,  in  which  case  only  a  resection  should 
be  made.  If  the  tumor  is  malignant  the  entire  mass  should  be  removed  by 
radical  operation. 

OPEBATION. — The  growth  may  be  removed  from  within  the  mouth  or  from 
beneath  the  chin.  The  latter  appears  from  reports  of  cases  to  be  rather  more 
satisfactory  by  reason  of  easier  exposure  and  greater  facility  in  the  control  of 
hemorrhage.  However,  the  method  elected  must  be  based  upon  the  conditions 
of  the  case. 

EXTERNAL  OPERATION. — An  incision  is  made  in  the  mid  line  from  the  chin 
to  the  hyoid  bone  and  is  deepened  until  the  mylohyoid  is  divided ;  the  underly- 
ing muscles  are  then  separated  and  the  capsule  of  the  tumor  exposed.  The  pro- 
cedure at  this  stage  is  simplified  by  downward  pressure  upon  the  mass  by  a  fin- 
ger in  the  mouth.  The  capsule  is  incised  and  the  tumor  enucleated.  Consid- 
erable bleeding  is  said  to  occur.  The  mucous  membrane  is  often  opened.  Tem- 
porary packing  and  ligatures  control  the  bleeding.  Deep  sutures  of  catgut  are 
inserted  and  drainage  instituted  if  bleeding  is  not  controlled  or  the  mucous 
membrane  opened. 

INTERNAL  OPERATION. — The  tongue  is  drawn  well  forward  by  suture-trac- 
tor, the  jaws  are  widely  opened  with  a  gag,  and  a  median  incision  is  made  over 
the  tumor,  which  is  enucleated  with  the  finger. 

Intrathoracic  Goiters. — These  may  be  solid  or  cystic;  they  may  develop 
from  the  thyroid,  to  which  they  remain  attached  by  a  stalk  of  variable  size,  or 
they  may  develop  independently,  presumably  in  an  accessory  thyroid,  and  be 
entirely  separated  from  the  gland.  Prior  to  the  development  of  pressure  symp- 
toms an  intrathoracic  tumor  or  cyst  may  be  readily  overlooked  both  before  or 
even  during  operation.  Pressure  symptoms,  when  they  have  once  begun,  in- 
crease slowly  but  progressively  and  are  likely  to  reach  a  serious  degree  of 
dyspnea  by  reason  of  the  confined  position  of  the  growth  rather  than  its  size. 

TEEATMENT. — Eelief  of  pressure  is  imperative ;  but,  on  account  of  the  in- 
accessibility of  the  growth,  complete  extracapsular  removal  can  rarely  be  car- 
ried out  with  safety.  If  extracapsular  removal  is  not  feasible  a  solid  growth 
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should  be  treated  by  exenteration,  that  is,  it  is  incised  and  its  contents  turned 
out  from  within  the  capsule.  The  removal  of  the  tissue  is  made  with  finger  or 
instrument,  the  tissue  being  removed  cither  as  a  whole  or  piecemeal.  The  cavity 
may  be  packed  loosely  with  gauze  which  is  gradually  removed  or,  as  Mayo  sug- 
gests, a  small  drain  may  be  inserted  and  removed  in  about  24  hours.  He  argues 
that  an  uninfected  blood  clot  is  thus  obtained  and  a  persistent  sinus  avoided. 
A  cyst  should  be  incised,  its  wall  sutured  to  the  skin  and  drainage  introduced. 
These  procedures  relieve  pressure  symptoms  immediately.  The  cavity  rap- 
idly diminishes  in  size  and,  as  a  rule,  the  sinus  closes  within  a  few  months 
(Martin). 

Lateral  Accessory  or  Aberrant  Thyroid. — Masses  of  thyroid  tissue  not  con- 
nected with  the  thyroid  gland  may  occur  in  other  situations  than  the  tongue  and 
mediastinum.  Their  most  frequent  sites  have  been  described  under  anatomy. 
A  lateral  accessory  or  aberrant  thyroid  may  call  for  operative  intervention  for 
cystic,  benign  solid,  or  malignant  growths.  The  tumor  occurs  most  frequently 
beneath  the  sternomastoid  muscle  but  projects  into  the  lower  part  of  the  an- 
terior triangle  of  the  neck.  Operative  procedures  depend  upon  the  size  and  posi- 
tion of  the  tumor.  The  incision,  if  possible,  should  be  transverse  in  a  natural 
crease  of  the  skin,  but  for  large  or  malignant  growths  it  should  be  oblique 
along  the  anterior  border  of  the  sternomastoid.  The  mass  may  be  readily  ex- 
posed, dissected  free  and  removed,  after  ligation  of  its  vessels  (Schrager, 
Cushway). 

I  presented  a  case  of  carcinoma  of  an  accessory  thyroid  before  the  New 
York  Surgical  Society,  1910. 


The  patient  was  a  woman,  46  years  old.  For  3  years  she  had  noticed  a  swelling 
on  the  left  side  of  the  neck  which  had  gradually  increased  in  size.  At  the  time 
of  admission  to  the  New  York  Hospital  she  had  pains  of  great  severity  in  the  left 
shoulder.  She  had  lost  about  30  pounds  in  weight. 

On  the  left  side  corresponding  approximately  to  the  lower  2fa  of  the  sternomas- 
toid muscle,  there  was  a  swelling  about  3^  inches  in  diameter.  The  swelling,  which 
lay  in  part  beneath  the  sternomastoid  muscle,  was  hard,  slightly  nodular,  and  some- 
what movable,  but  did  not  move  during  deglutition. 

Operation  by  Dr.  Hartley.  The  mass  was  exposed  by  an  incision  along  the 
anterior  margin  of  the  sternomastoid.  The  internal  jugular  crossed  it  vertically, 
and  was  ligated  above  and  below;  the  omohyoid  also  crossed  it,  and  was  divided.  The 
mass  was  then  readily  enucleated,  after  ligating  several  large  nutrient  vessels.  The 
carotid  lay  posterior  to  the  growth,  the  sternohyoid  and  sternothyroid  mesial  to  it. 
On  lifting  these,  the  whole  of  an  apparently  normal  thyroid  gland,  with  isthmus  and 
pyramidal  lobe,  was  exposed.  The  patient  made  an  uneventful  operative  recovery. 

Report  on  specimen,  made  by  Dr.  Elser.  The  specimen  consisted  of  an  aberrant 
thyroid  gland,  oval  in  shape,  measuring  9.5  cm.  in  length,  5.5  cm.  in  breadth,  and 
5  cm.  in  thickness.  The  mass  was  covered  on  the  outside  by  connective  tissue  mem- 
brane, through  which  numerous  large,  vascular  channels  were  dispersed. 

Microscopical  examination  revealed  the  typical  histology  of  papillary  adenocar- 
cinoma.  Microscopical  examination  of  the  lymph-nodes  revealed  extensive  metastatic 
deposits.  Practically  all  the  lymphoid  tissue  had  been  replaced  by  tumor  growth. 
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INFLAMMATION  OF  THE  THYROID 

Acute  inflammation  of  the  thyroid  gland  is  one  of  the  least  common  affec- 
tions of  the  gland.  An  acute  inflammation  may  occur  in  a  normal  or  a  goitrous 
gland.  The  former  is  known  as  thyroiditis,  the  latter  as  strumitis.  The  condi- 
tion may  develop  with  no  apparent  exciting  cause,  but  usually  occurs  in  the 
course  of  an  acute  febrile  disease.  In  acute  inflammations  of  the  thyroid  both 
sides  are  usually  affected  but  one  side  more  than  the  other.  The  process  may 
result  in  resolution,  in  suppuration  or  in  gangrene.  It  is  said  that  thyroiditis 
associated  with  mumps,  influenza,  malaria,  rheumatism,  and  tonsillitis  usually 
resolves;  and  when  associated  with  pneumonia,  puerperal  fever,  the  majority 
of  typhoid  cases,  diphtheria  and  erysipelas,  suppuration  usually  occurs.  Gan- 
grene is  rare.  When  resolution  occurs,  the  average  duration  is  14  days,  the 
swelling  reaching  the  maximum  on  the  third  or  fourth  day.  When  suppura- 
tion occurs,  on  account  of  the  resistance  of  the  capsule  the  pus  may  burrow  in 
any  direction  and  may  perforate  into  the  trachea  or  esophagus  or  penetrate  into 
the  mediastinum.  The  prognosis  in  non-suppurative  cases  is  good  as  to  life  and 
return  of  the  gland  to  normal.  In  suppurative  cases  the  prognosis  is  not  so 
good;  of  41  cases,  9  died,  22  per  cent.  (Robertson).  In  the  gangrenous  variety 
the  outlook  is  very  poor;  of  9  cases  all  were  fatal  (Richardson,  Robertson). 

Treatment. — Prior  to  suppuration,  thyroiditis  should  be  treated  by  wet 
dressing,  ice  bag,  etc.,  with  appropriate  treatment  of  the  associated  disease. 
Suppuration  demands  immediate  incision  and  drainage.  A  transverse  incision, 
corresponding  to  a  natural  crease  of  the  skin,  should  be  used  if  possible.  The 
dissection  often  must  be  carried  to  a  considerable  depth  before  the  pus  is 
reached.  On  incising  and  draining  abscesses  of  the  thyroid,  it  has  been  found 
that  they  are  prone  to  bleed  freely.  Kocher  recommends  complete  extirpation 
of  the  diseased  part.  This  procedure  is  doubtless  preferable  in  cases  of  stru- 
mitis but  is  somewhat  heroic  in  cases  of  thyroiditis.  Tracheotomy  should  be 
resorted  to  for  dyspnea  only  as  a  last  resort. 

Chronic  (Woody)  Thyroiditis. — An  unusual  form  of  chronic  thyroiditis  has 
been  described.  The  reader  is  referred  to  Reidel,  who,  in  1896,  first  described 
the  lesion,  and  to  Murray  and  Southern  for  a  case  report. 


TUBERCULOSIS  OF  THE  THYROID 

Tuberculosis  of  the  thyroid  gland  is  almost  always  secondary  to  tuberculous 
lesions  elsewhere;  extremely  few  cases  of  primary  tuberculosis  of  the  thyroid 
have  been  reported. 

Secondary  tuberculosis  of  the  thyroid  may  be  divided  into  2  classes:  the 
chronic  type  with  caseous  nodules  or  abscess  formation,  and  the  acute  miliary 
type. 
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Chiari,  in  100  autopsies  on  tuberculous  patients,  found  tuberculosis  of 
the  thyroid  7  times;  caseous  nodules  -I  times  i  in  '.»«;  chronic  tuberculous  cases), 
and  miliary  tubercles  :;  times  (in  1  acute  miliar\ 

in  the  acute  miliary  type  tnherclo  are  I'mmd  in  the  thyroid  at  autop.-v. 
having  given  no  signs  during  life.  The  chronic  t\pe  may  give  no  symptoms 
other  than  a  nodular  enlargement  of  the  thyroid,  which  usually  leads  to  a  diag- 
nosis of  goiter.  If  operation  is  performed  the  true  condition  is,  as  a  rule,  first 
recognized  when  the  gland  is  exposed.  If  early  operation  is  not  undertaken,  an 
abscess  usually  develops  and  may  perforate  into  one  of  the  neighboring  struc- 
tures. Rolleston  reports  a  case  which  perforated  into  the  esophagus,  although 
it  had  given  rise  to  no  subjective  symptoms.  If  the  nodules  increase  sufficiently 
in  size  they  may  cause  symptoms  of  compression. 

Treatment. — If  the  condition  is  first  recognized  after  exposing  the  gland, 
complete  excision  of  the  part  containing  the  tuberculous  foci  is  indicated,  pro- 
vided other  tuberculous  lesions  are  not  far  advanced  and  provided  the  operation 
will  not  sacrifice  a  dangerous  amount  of  the  gland.  Abscess  formation  de- 
mands early  drainage  to  avoid  perforation  into  adjacent  structures. 


MALIGNANT  GROWTHS  OF  THE  THYROID 

Malignant  growths  of  the  thyroid  gland  are  rare.  They  usually  develop  in 
a  goitrous  gland  but  occasionally  originate  in  a  normal  gland.  Both  carcinoma 
and  sarcoma  occur,  carcinoma  being  the  more  frequent. 

Carcinoma. — Carcinoma  presents  2  groups  (Marine  and  Lenhart)  ;  one 
in  which  the  growth  follows  the  general  characteristics  of  fetal  thyroid  and  one 
in  which  the  follicles  are  more  differentiated.  Some  specimens  of  the  second 
type  present  a  structure  which  has  been  designated  "papillary  cystic  carci- 
noma." The  histological  diagnosis  of  carcinoma  of  the  thyroid  is  said  to  be 
difficult  in  many  cases,  a  feature  which  should  be  remembered  when  a  frozen 
section  diagnosis  is  called  for. 

"In  the  majority  of  cases  the  tumor,  from  its  point  of  origin,  infiltrates  one 
entire  lobe  of  the  thyroid  and  may  extend  across  the  isthmus  to  the  other  lobe, 
but  extracapsular  growth  is  delayed  for  some  time.  The  capsule  finally  becomes 
perforated  by  the  growing  tumor,  but  only  at  a  single  point  at  first  and  not 
diffusely"  (Miiller  and  Speese).  The  trachea  and  other  structures  are  fre- 
quently infiltrated,  and  even  penetrated,  rather  than  displaced  to  a  marked  de- 
gree. The  great  vessels  are  often  surrounded  by  the  growth.  A  malignant  tu- 
mor may  not  be  fixed  to  the  surrounding  tissues  to  such  an  extent  as  to  inter- 
fere with  the  movement  of  the  thyroid  in  deglutition  and  yet  may  be  so  firmly 
attached  to  the  trachea  as  to  be  inseparable  from  it.  Such  was  the  condition  in  a 
case  reported  by  Meyer. 

Distant  metastases  occur  through  the  blood-vessels  with  relative  frequency. 
Metastases  occur  most  frequently  in  the  bones  and  are  often  solitary  and  slow 
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growing.  Secondary  growths  in  the  viscera  are  next  in  frequency.  Metastases 
may  occur  while  the  original  tumor  is  of  small  size. 

SYMPTOMS  AND  DIAGNOSIS. — The  patient  is  usually  over  40  years  of  age ; 
the  thyroid,  which  is  as  a  rule  the  seat  of  a  goiter,  increases  in  size  compara- 
tively suddenly  and  rapidly  and  is  usually  nodular,  hard  and  painful.  Paraly- 
sis of  the  recurrent  laryngeal  nerve  is  relatively  frequent.  The  neighboring 
lymph-nodes  become  enlarged,  but  this  feature  offers  little  aid  in  diagnosis  since 
the  character  of  the  thyroid  tumor  is  usually  recognized  before  they  are  en- 
larged; moreover,  the  nodes  first  involved  are  frequently  inaccessible,  lying 
deeply  either  at  the  root  of  the  neck  or  within  the  mediastinum.  Metastases  in 
the  bones  may  be  the  first  sign  of  a  malignant  growth  of  the  thyroid. 

OPERATIVE  TREATMENT. — Success  depends  upon  early  diagnosis  and  early 
operation.  Some  surgeons  recommend  complete  thyroidectomy,  but  the  ma- 
jority, among  others  Berry,  consider  that  complete  extirpation  of  the  gland 
is  rarely  desirable  because,  if  both  lobes  are  involved,  the  tumor  is  usually  so 
firmly  attached  to  the  trachea  that  it  cannot  be  satisfactorily  removed. 

Extensive  involvement  of  adjacent  structures,  such  as  the  great  vessels, 
esophagus,  trachea,  larynx,  or  pharynx,  and  extension  into  the  thorax  contra- 
indicate  operation.  In  slight  involvement  of  adjacent  structures  "the  extent  of 
the  operation  must  depend  upon  the  operator's  judgment"  (Kocher).  Success- 
ful excisions  of  portions  of  the  walls  of  the  trachea  and  esophagus  have  been 
performed ;  if  the  lymph-nodes  appear  to  be  involved,  they  should  be  removed 
in  a  mass  dissection.  Kocher  does  not  consider  that  a  single  bone  metastasis  is  a 
contra-indication  to  operation  because  it  is  often  solitary,  of  slow  growth,  and 
may  occur  before  the  primary  growth  is  extensive.  He  advises  excision  of  the 
bone  metastasis  and  operation  upon  the  gland  if  the  condition  of  the  patient 
and  the  extent  of  the  growth  warrant  the  operation. 

PROGNOSIS. — If  the  growth  is  limited  to  one  lobe,  if  the  capsule  has  not  been 
penetrated,  and  if  there  is  no  evidence  of  lymphatic  involvement  or  other  metas- 
tases,  the  prognosis  is  relatively  good,  according  to  Kocher.  Recurrences  are 
usually  local.  The  papillary  cystic  type  of  carcinoma  offers  the  best  prognosis. 
Recurrence  in  this  type  is  usually  late  and  of  slow  growth. 

If  the  growth  has  extended  beyond  the  capsule  and  involves  adjacent  struc- 
tures, or  if  there  are  metastases  other  than  a  solitary  bone  metastasis,  operation 
is  unlikely  to  effect  a  cure. 

PALLIATIVE  TREATMENT. — In  advanced  cases  in  which  a  radical  opera- 
tion is  contra-indicated,  pressure  symptoms,  of  which  the  most  frequent  and 
serious  is  dyspnea,  may  demand  relief.  Tracheotomy,  excision  of  part  of  the 
growth,  and  division  of  the  isthmus  are  the  procedures  to  be  considered.  Of 
these,  resection  is  to  be  preferred.  Tracheotomy  is  frequently  extremely  diffi- 
cult in  this  class  of  case  because  of  the  size  and  position  of  the  growth,  the  large 
size  of  the  veins,  and  at  times  the  displacement  of  the  trachea.  It  may,  how- 
ever, be  the  only  practical  means  of  relieving  the  dyspnea.  When  tracheotomy 
is  indicated,  it  is  sometimes  necessary  to  make  the  incision  directly  through 
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the  tumor ;  under  such  conditions  Konig's  long  flexible  silver  tracheotomy  tube 
may  be  used  advantageously.  Division  of  the  isthmus  is  not  likely  to  prove 
effective. 

Sarcoma. — Sarcoma  is  even  less  frequent  than  carcinoma.  Clinically  the  2 
conditions  cannot  be  differentiated.  The  general  rule  that  sarcoma  occurs  in 
younger  individuals  than  carcinoma  has  no  significance  in  thyroid  growths. 
"Sarcoma  may  be  disseminated  through  the  lymphatic  channels  with  greater 
frequency  than  is  the  usual  rule"  (Miiller  and  Speese).  The  details  of  opera- 
tive treatment  discussed  under  carcinoma  apply  in  general  to  sarcoma. 


DEFICIENCY  OF  THYROID  AND  PARATHYROID  SECRETION 

Various  clinical  manifestations  have  been  ascribed  to  deficiency  of  thyroid 
or  parathyroid  secretion ;  in  some  the  relationship  has  been  proved,  in  others  it 
is  hypothetical.  Of  these  conditions  the  ones  which  should  be  dwelt  on  from  a 
surgical  standpoint  are  postoperative  tetany  and  cachexia  strumipriva. 

TETANIA    PARATHYREOPRIVA    AND    CACHEXIA    STRUMIPRIVA 

Appreciation  of  the  significance  of  tetania  parathyreopriva  and  cachexia 
strumipriva  is  vital  to  the  surgeon.  Only  a  realization  of  the  seriousness  of 
these  conditions  can  lead  to  persistent  and  effective  efforts  in  the  direction  of 
prophylaxis,  of  which  the  importance  cannot  be  too  strongly  emphasized.  Al- 
though these  complications  of  thyroid  operations  are  rare,  a  fairly  extensive 
analysis  of  them  is  essential  in  connection  with  the  study  of  the  surgery  of  the 
thyroid  gland. 

General  Considerations. — The  occurrence  of  tetany  after  operations  on  the 
thyroid  gland  was  first  recognized  by  Weiss  in  1880.  About  three  years  later 
Kocher  and  Reverdin  called  attention  to  the  condition  since  known  as  cachexia 
strumipriva.  This  was  shown  by  Kocher  to  be  a  frequent  sequel  to  complete 
thyroidectomy.  The  2  diseases,  tetany  and  cachexia  strumipriva,  were  regarded 
for  a  considerable  time  as  different  phases  of  one  condition  which  was  sup- 
posed to  be  dependent  upon  functional  insufficiency  of  the  thyroid  gland. 

Schiff,  in  1884,  showed  that  certain  animals,  notably  cats  and  dogs,  regu- 
larly died  after  complete  removal  of  the  thyroid.  In  consequence  of  the 
dire  effects  which  were  thus  noted  experimentally  as  well  as  clinically  after 
complete  thyroidectomy,  it  became  a  surgical  mandate  that  part  of  the  organ 
should  be  spared  in  goiter  operations.  This  precept,  which  was  fathered  by 
Kocher,  has  prevailed  up  to  the  present  time  and  its  practice  accounts  for  the 
relative  infrequency  of  cachexia  strumipriva,  also  indirectly  of  postoperative 
tetany. 

In  animal  experimentation  a  perplexing  inconsistency  prevailed  by  reason 
of  the  fact  that  total  thyroidectomy  in  carnivora  was  followed  by  fatal  tetany, 
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whereas  in  herbivora  it  was  followed  by  the  more  protracted  cachexia  strumi- 
priva  with  no  evidence  of  tetany.  Grley,  in  1891,  explained  the  peculiar  dif- 
ference in  the  reactions  of  these  2  classes  of  animals  to  the  removal  of  the 
thyroid.  He  called  attention  to  the  existence  in  the  rabbit  of  2  isolated  bodies, 
the  external  parathyroids,  and  demonstrated  that  the  removal  of  these  together 
with  the  thyroid  produced  the  same  effects  as  complete  thyroidectomy  in  other 
animals. 

The  first  practical  step  toward  ascribing  to  the  parathyroids  an  independent 
potency  resulted  from  the  work  of  Yassale  and  Generali,  1896.  They  demon- 
strated by  striking  experiments  that,  the  thyroid  being  preserved,  removal  of 
the  4  parathyroids  led  to  fatal  tetany;  while  no  tetany  resulted  from  the  re- 
moval of  the  thyroid  if  the  parathyroids  were  left. 

It  has  been  urged  by  numerous  experimenters  that  the  intensity  of  the 
tetany  stands  roughly  in  inverse  ratio  to  the  number  of  healthy  parathyroids 
retained  by  the  animal.  But  this  rule  is  certainly  far  from  absolute,  for  some- 
times the  presence  of  1  parathyroid  is  sufficient  to  prevent  the  symptoms  of 
tetany,  while  in  other  cases  2  of  the  organs  are  necessary  (Erdheim). 

Thyroidectomy  alone,  especially  in  young  animals,  gives  rise  to  troubles  of 
nutrition.  The  animals  remain  undersized,  their  behavior  is  altered  and  slug- 
gish, the  skin  becomes  thick  and  edematous,  and  the  hair  coarse.  These  changes 
begin  in  less  than  a  month  after  the  operation.  On  the  other  hand,  parathyroid- 
ectomy  produces  a  more  rapid  onset  of  symptoms.  These  include  fibrillary 
twitchings,  tremors,  local  or  general  contractions  (tonic  or  clonic),  convulsions, 
dyspnea,  tachycardia,  ptyalism,  thirst,  vomiting,  diarrhea,  general  weakness, 
and  prostration.  The  results  of  the  long  series  of  animal  experimentation  bear- 
ing on  tetany  have  been  corroborated  by  significant  findings  of  Erdheim, 
Pineles,  and  others  in  man. 

In  a  word,  cachexia  strumipriva  or  operative  myxedema,  which  is  a  disturbance 
of  metabolism,  is  unquestionably  due  to  removal  of  the  thyroid.  Postoperative 
tetany,  which  is  a  convulsive  disturbance  suggestive  of  a  toxemia,  is  regarded  by 
almost  all  observers  as  due  to  an  insufficiency  of  parathyroid  activity  resulting  either 
from  removal  of  the  parathyroids  or  impairment  of  their  functional  capacity  by 
injury  to  or  interference  with  their  blood  supply. 

As  Jeandelize  summarized  (1903),  the  thyroid  and  parathyroids  are  dif- 
ferent organs ;  the  results  of  ablation  of  the  2  are  not  the  same ;  physiologically 
the  2  organs  are  correlated,  yet  neither  can  assume  the  functions  of  both. 

Pineles  analyzed  13  cases  of  tetany  (1904)  following  partial  thyroidectomy. 
Six  had  undergone  extirpation  of  both  lobes,  3  extirpation  of  1  lobe  and  isth- 
mus, in  4  only  the  upper  portion  of  1  lateral  lobe  had  been  left.  On  the  basis 
of  these  cases  he  emphasized  the  fact  that  tetany  is  most  likely  to  follow  a  partial 
thyroidectomy  in  cases  in  which  only  the  isthmus  or  upper  parts  of  the  lateral 
lobes  are  left,  because  such  procedures  favor  extirpation  of  or  injury  to  the 
parathyroids. 
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Illustrative  Cases. — Two  cases  of  tetany  following  operations  for  recurrent 
goiter  have  come  under  my  observation,  the  first  in  my  own  service,  the  second 
in  that  of  a  colleague.  These  cases  will  be  briefly  reviewed  because  they  <iiv<>  a 
live  and,  for  the  purpose  of  this  article,  a  sufficient  elaboration  of  the  features 
which  are  of  practical  importance  to  the  surgeon,  namely,  the  symptoms,  course, 
and  diagnosis  of  the  condition. 

CASE  1 — April,  1906,  French  Hospital,  seamstress,  Swiss,  33  years  of  age.  In 
1 '.»().;  tin-  p;iti<!it  suffered  from  marked  dyspnea  and  dysphagia.  Previous  to  that, 
Hit •)•(•  IKK!  developed  a  large  goiter.  The  left  lobe  of  the  thyroid  was  removed  by 
.-mother  surgeon.  During  the  second  year  after  operation  a  swelling  developed  in 
the  mid  line  and  dyspnea  and  dysphagia  recurred,  increasing  to  such  degree  that 
operation  became  imperative. 

In  March,  1906,  I  operated  under  ether  anesthesia.  In  the  region  of  the  isthmus 
there  was  a  round,  smooth  mass,  about  2Vfc  in.  in  diameter,  which  was  bound  down 
by  cicatricial  tissue;  it  extended  downward  behind  the  sternum  and  compressed  the 
trachea.  The  left  lobe  of  the  thyroid  was  absent.  Before  any  tissue  was  removed  the 
right  lobe  was  thoroughly  exposed  and  found  to  be  of  normal  size,  appearance  and 
consistency.  In  removing  the  mass,  the  thyroid  gland  was  clamped  at  the  junction 
of  the  isthmus  and  the  right  lobe,  and  cut  across  as  close  to  the  tumor  as  possible. 
Before  doing  this  it  was  found  necessary  to  ligate  the  inferior  thyroid  artery  which 
ran  close  to  the  mass.  The  whole  of  the  right  lobe,  except  a  small  part  which  lay 
close  to  the  isthmus,  was  left. 

Postoperative  Course. — The  healing  of  the  wound  was  uneventful.  On  the  fourth 
day  after  operation,  tetanic  contractures  occurred  in  both  hands,  which  assumed  an 
attitude  similar  to  that  produced  by  stimulation  of  the  ulnar  nerve.  The  spasm  was 
accompanied  by  cramp-like  pains.  This  condition  was  present  whenever  the  patient 
was  seen  during  the  next  24  hours,  when  cramps  in  the  feet  and  calves  also  occurred, 
together  with  forcible  plantar  flexion  of  both  feet  lasting  for  about  5  minutes. 

For  13  months  the  patient  presented  the  typical  clinical  features  of  tetany.  The 
most  conspicuous  symptoms  were  bilateral  and  symmetrical  contractions  of  the  flexor 
muscles  of  the  hands,  wrists  and  feet,  as  previously  described,  preceded  and  accom- 
panied by  cramp-like  pains  in  the  affected  parts.  At  times  the  contractures  were 
more  generalized.  For  several  weeks  there  was  marked  edema  of  the  left  wrist  and 
hand,  and  redness  over  the  knuckles.  During  the  whole  period  Chvostek's  and  Trous- 
seau's signs  were  present  and  typical.  Thus,  the  facial  muscles  contracted  rapidly 
to  mechanical  irritation  by  tapping  over  the  facial  nerve  (Chvostek) ;  and  the  usual 
contractures  of  the  hands  were  brought  on  in  about  */2  to  3  minutes  by  steady  pres- 
sure on  the  nerves  and  vessels  of  the  arm  (Trousseau).  In  the  latter  test,  cramp-like 
pains  regularly  preceded  the  spasm  which  developed  gradually  and  not  suddenly.  Con- 
tractures also  resulted  from  making  the  sciatic  nerve  tense  (leg  phenomenon).  Simi- 
larly, contractures  occurred  as  a  result  of  putting  the  nerves  of  the  brachial  plexus  on 
the  stretch  (arm  phenomenon).  The  contracted  muscles  were  always  board-like  to 
the  touch. 

The  above  symptoms  occurred  in  attacks  at  variable  intervals.  During  the  first 
6  weeks  and  the  last  3  months  of  the  disease,  there  were  from  1  to  5  attacks  almost 
every  day.  The  duration  was  from  several  minutes  to  several  hours.  During  the 
intervening  months  the  patient  was  not  under  observation;  the  attacks,  however, 
rendered  any  work  impossible. 

The  attacks  of  tetanic  spasms  gradually  ceased;  Chvostek's  and  Trousseau's  tests 
and  the  leg  and  arm  phenomena  became  less  marked,  and  finally  elicited  no  responses. 
22  B 
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As  therapeutic  measures,  various  thyroid  and  parathyroid  preparations  were  ad- 
ministered by  mouth  and  hypodermatically,  and  5  parathyroids  were  implanted  sub- 
cutaneously.  These  were  removed  aseptically,  immediately  after  death,  from  3  acci- 
dent cases,  put  at  once  into  ascitic  fluid,  and  implanted  as  soon  as  possible  into 
subcutaneous  tissues.1 

The  improvement  in  the  symptoms  and  disappearance  of  the  tests  for  tetany  were 
coincident  with  the  repeated  administration  of  Beebe's  nucleoproteid  in  large  doses 
hypodermatically,  and  occurred  from  4  to  6  weeks  after  the  first  implantation.  No 
effect  could  be  attributed  to  other  therapeutic  measures. 

The  occurrence  of  tetany  in  this  case  may  be  explained  as  follows :  At  the 
first  operation  two  parathyroids  were  probably  removed  with  the  left  lobe  of 
the  thyroid.  Since  no  symptoms  occurred  until  after  the  second  operation,  this 
undoubtedly  was  the  cause,  presumably  through  the  sacrifice  of  sufficient  para- 
thyroid tissue  to  upset  the  functional  equilibrium  which  must  have  been  very 
unstable  as  a  result  of  the  previous  operation.  It  is  not  possible  that  both  the 
remaining  parathyroids  were  sacrificed,  for  in  that  case  a  fatal  tetany  would 
undoubtedly  have  resulted.  Since  no  parathyroid  tissue  could  be  found  in  the 
mass  removed,  it  is  probable  that  either  the  inferior  parathyroid  of  the  right  side 
was  crushed  in  the  clamp,  or  that  the  blood  supply  of  one  or  both  of  the  parathy- 
roids on  this  side  was  interfered  with  by  the  ligation  of  the  inferior  thyroid 
artery. 

CASE  II. — In  contrast  to  the  first  case,  the  second  presented  a  short  course, 
yet  it  afforded  an  opportunity  to  study  the  characteristic  diagnostic  features  of 
tetany,  which  are  dependent  upon  hyperirritability  of  the  motor  nerves. 

The  patient  was  a  well-developed  intelligent  woman  22  years  of  age,  who  had 
undergone  2  operations  for  goiter  in  Europe,  5  and  8  years  previously.  Her  general 
health  had  always  been  good  and  nervous  system  normal.  On  February  1,  1912,  a 
third  operation  on  the  thyroid  gland  was  performed  by  another  surgeon.  The  right 
lobe  was  removed  in  toto,  only  the  isthmus  being  left.  Both  the  superior  and  inferior 
thyroid  arteries  of  the  right  side  were  ligated.  The  left  lobe  of  the  gland  had  evi- 
dently been  excised  at  a  former  operation,  as  inspection  of  this  side  is  said  to  have 
revealed  no  evidence  of  thyroid  tissue.  Moreover  the  2  parathyroids  of  the  left  side 
presumably  had  been  removed,  otherwise  tetany  could  scarcely  have  followed  this 
third  operation.  The  healing  of  the  wound  was  uncomplicated.  Not  being  present 
at  the  operation,  we  were  unable  to  secure  the  tissue  removed  to  examine  it  for  para 
thyroids.  The  pathologist's  report  stated  that  the  specimen  consisted  of  a  lobulated 
mass  which  revealed  the  picture  of  adenoma  of  the  thyroid. 

On  the  third  day  after  operation,  February  fourth,  tonic  contractures  occurred  with 
cramp-like  pains  in  the  fingers  and  hands,  which  assumed  the  position  known  as  ae 
coucheur's  hand.  The  patient  also  had  cramp-like  pains  in  the  calves. 

On  the  fourth  day,  February  fifth,  calcium  lactate  (36  grains)  was  given  hypo- 
dermatically at  2  p.  M.  There  were  tonic  contractures  of  the  fingers  of  the  left  hand 
with  cramp-like  pains  lasting  from  9  p.  M.  to  1  A.  M. 

We  saw  the  case  for  the  first  time  at  noon  on  February  fifth  and  made  electrical  and 

1  Thanks  are  due  the  publishers  of  the  Annals  of  Surgery  for  permission  to  reproduce 
extensively  in  this  paper  parts  of  articles  and  case  reports  which  have  appeared  in  that 
journal. 


FIG.  26. — CASE  II. — POSTOPERATIVE  TETANY.  A.  Arm  phenomenon,  showing  contractures  of  fingers 
as  a  result  of  extreme  abduction  of  arm  with  elbow  extended.  B.  Leg  phenomenon,  showing  plantar 
flexion  of  right  foot,  as  a  result  of  forcible  flexion  of  trunk  upon  thighs  with  knee  extended.  C.  Con- 
traction of  the  foot  in  the  leg  phenomenon.  D.  Postoperative  myxedema. 
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other  tests,  finding  ;m  astonishingly  marked  hyp.-i-.-iiMt  i  Y.-M.  -  «,f  tin-  motor  nerves  as 
indicated  by  Erb's,  Trousseau's,  (  'Iiv.M.-k's  tests  and  the  ]<  -  :md  arm  phenomena.  The 
results  of  the  various  tests  on  ihi>  aii.l  siibsr.juriit  day-  an-  ^iv«-n  with  the  diagram 
of  the  eltvtrirjil  re.-irtions  (  Fitf.  27;.  IMiMi^r.-iph*  (  Fi-.  _''),  A.  I),  (')  were  taken  in  the 
free  intervals  to  show  contract  mvs  characteristic  of  tin-  arm  and  l«-g  tests.  On  Febru- 
ary sixth,  calcium  ladati-  (  JO  -rain-)  was  ^iven  by  mouth  :it  '.)  i:  M. 

Sixth  day,  February  sevc'iith.  Implantation  of  a  parathyroid  removed  from  a  young 
male  in  an  operation  for  simple  Boiler.  Tin?  implant  was  placed  in  the  pro  peritoneal 
tissue  behind  the  right  rectus  sheath. 

Seventh  day.  Forcible  contractures  with  severe  pain-  in  the  parts  affected.  The 
elbows  were  flexed  at  a  right  angle;  wrists  and  fingers  were  also  forcibly  flexed  (ac- 
coucheur's hand).  The  attack  continued  from  5  A.  M.  to  11  \.  M. 

No  further  attacks  of  tetany  were  noticed  up  to  the  time  of  the  patient's  discharge. 
Shortly  after  her  discharge  she  had  1  brief  attack  lasting  about  a  minute,  characterized 
by  pain  and  contractures  in  right  calf. 

The  woman  subsequently  developed  symptoms  of  hypothyroidism  (Fig.  26,  D) 
with  dry  thick  skin,  dullness  of  mind,  etc.,  and  was  put  upon  thyroid  therapy.  She 
has  married  and  successfully  passed  through  a  pregnancy.  When  last  seen  (June, 
1914)  she  had  a  tumor  of  considerable  size  corresponding  to  the  isthmus  of  the  thyroid, 
her  general  condition  was  good  and  the  signs  of  hypothyroidism  had  for  the  most  part 
disappeared,  although  she  has  ceased  taking  thyroid  extract  (Pool  and  Turnure). 

DIAGNOSTIC  TESTS  OF  TETANY  BASED  ON  STUDIES  IN  CASE  II—  ELEC- 
TRICAL TESTS:  ERB'S  TEST.  —  Careful  and  repeated  electrical  tests  were 
made  with  the  galvanic  current,  thus  obtaining  an  accurate  chart  (Fig.  27)  of 
the  changes  of  excitability,  against  which  the  other  tests  could  be  checked.  By. 
this  means  it  was  possible  to  compare  the  relative  sensitiveness  of  the  tests  for 
this  condition.  Hyperexcitability  of  the  motor  nerves  to  the  galvanic  current 
was  striking.  As  noted  in  the  chart,  the  most  significant  changes  from  normal 
were  the  very  low  anodal  opening  and  cathodal  opening  currents  by  which  con- 
tractions were  excited;  but  the  cathodal  closing  and  anodal  closing  currents 
were  likewise  abnormally  low. 

The  two  administrations  of  calcium  temporarily  lessened  the  hyperexcita- 
bility,  as  is  shown  by  a  rise  from  1  to  4  milliamperes  in  the  cathodal  opening 
current  necessary  to  cause  a  contraction.  Such  effects  are  in  keeping  with 
the  experimental  findings  of  \7oegtlin  and  MacOullum.  They  state  that  in 
dogs  injections  of  calcium  and  likewise  of  strontium  or  magnesium  always  cause 
a  disappearance  of  the  symptoms  of  tetany,.  and,  moreover,  greatly  lower  the 
excitability  of  the  nerves,  not  only  in  dogs  in  tetany,  but  even  in  normal  dogs. 
Therapeutically  they  consider  calcium  the  best  drug  for  tetany,  but  do  not  favor 
its  subcutaneous  administration  because  of  its  irritating  local  effect  upon  the 
tissues.  After  implantation  of  the  parathyroid  the  reactions  gradually  approxi- 
mated normal;  whether  this  was  a  coincidence  or  cause  and  effect  cannot  be 
stated. 

Tn  taking  the  electrical  reactions,  the  ulnar  nerve  was  always  tested,  and  the 
external  popliteal  was  also  frequently  employed  as  a  check.  Individuals  not 
suffering  from  tetany  were  tested  as  controls.  In  the  case  of  the  ulnar  nerve  1 
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\       \       ^Parathyroid  Implantation 
\        Calcium  Lactate  by  mouth  (XL  grains) 
Calcium  Lactate  Subcutaneously  (XXXVI  grains) 

Fio.  27. — ELECTRICAL  REACTIONS  AND  TESTS  IN  TETANY.  CASE  II.  Lines  indicate  excitability  oi 
ulnar  nerve.  X  in  diagram  indicates  excitability  of  external  popliteal  nerve.  9a.  Tests  made  by 
Dr.  Wilcox  on  ninth  day  with  his  own  milliamperemeter  to  check  our  results.  Xb.  At  2  milli- 
amperes  the  current  became  too  painful  to  go  higher,  c.  Very  slight  response,  d.  Typical  con- 
tractures  occurred  in  2  minutes  in  right  foot,  with  severe  cramp-like  pains. 
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electrode  was  placed  over  the  nerve  just  above  the  internal  epicondyle  and  the 
other  on  an  indifferent  point  at  a  distance,  as  the  infraclavicular  region.  In 
the  case  of  the  external  popliteal,  1  electrode  was  placed  on  the  nerve  behind  the 
head  of  the  fibula  and  the  other  on  the  abdomen.  Hyperexcitability  was  evi- 
denced by  contracture  to  very  slight  stimuli,  Iv  C,  A  C,  A  O,  and  K  O  all  being 
very  low.  The  patient's  responses  to  the  4  stimuli  were  constantly  below  the 
responses  of  the  controls  who  were  not  suffering  from  tetany.  The  most  marked 
and  significant  feature  was  the  low  K  O  currents.  A  cathodal  opening  current 
below  5  milliamperes  is  particularly  significant. 

Erb's  test  is  undoubtedly  the  most  reliable  and  accurate  for  tetany.  It 
should  always  be  used  in  a  suspected  case  since  it  gives  an  exact  indication  of 
the  motor  excitability  and  renders  it  possible  to  check  daily  changes  in  this  ex- 
citability, thus  obtaining  a  real  index  of  the  progress  of  the  disease  and  the 
effect  of  therapeutic  measures. 

No  attempt  was  made  to  obtain  and  study  tetanic  contractions  with  low 
currents,  first,  because  of  the  mental  unrest  and  physical  pain  which  are  likely 
to  ensue,  and,  second,  because  this  feature  appears  to  us  an  unnecessary  refine- 
ment since  the  electrical  hyperexcitability  is  already  established.  Tetanic  con- 
tractions, however,  at  times  resulted  from  very  low  currents. 

THE  LEG  PHENOMENON. — The  leg  phenomenon  was  first  described  by 
Pool  in  1907,  and  has  since  been  noted  by  Schlesinger  and  others.  For  this  test 
the  patient  is  placed  in  a  sitting  position  with  legs  fully  extended  upon  the 
thighs ;  the  trunk  is  forcibly  flexed  upon  the  thighs  by  pressure  exerted  between 
the  shoulders.  The  contractures  are  preceded  and  accompanied  by  pain,  which 
may  be  severe  enough  to  cause  the  patient  to  cry  out.  The  feet  become  forcibly 
flexed  (plantar)  and  adducted,  assuming  a  position  of  marked  equinovarus. 
This  position  cannot  be  altered  by  passive  efforts,  however  forcible.  The  mus- 
cles of  the  calf  stand  out  conspicuously  and  become  board-like  to  the  touch.  The 
onset  of  pain  and  contractures  begins  from  about  40  seconds  to  2  minutes  after 
the  position  is  assumed.  The  pain  becomes  so  severe  in  a  short  time  as  to  make 
it  imperative  to  desist. 

The  leg  test,  like  Trousseaus  sign,  is  dependent  upon  the  hyperexcitability 
of  the  motor  nerves.  They  differ  only  as  to  the  method  of  demonstrating  this 
hyperexcitability.  In  Trousseau's  test  the  nerve  is  compressed,  in  the  leg  test 
the  nerve  is  stretched.  From  the  experience  of  our  2  cases  it  would  appear  that 
the  leg  test  is  as  simple  of  application  as  Trousseau's  sign  and  more  sensitive 
and  reliable.  In  the  second  case  it  was  positive  after  Trousseau's  test  failed  to 
elicit  a  response.  Schlesinger  considers  the  leg  phenomenon  pathognomonic  of 
tetany. 

THE  ARM  TEST. — The  arm  test  consists  in  putting  the  nerves  of  the  bra- 
chial  plexus  on  the  stretch  by  elevating  the  arm  above  the  head  with  the  fore- 
arm extended  (extreme  abduction).  The  characteristic  contractures  of  the 
fingers,  hand,  and  wrist  occur  with  pain,  as  in  the  leg  test.  This  test  was  like- 
wise noted  in  my  first  case.  It  appears  less  sensitive  than  Trousseau's  sign  or 
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the  leg  test,  probably  because  it  is  not  as  easy  of  application.  Further,  it  is 
difficult  to  avoid  pressure  over  the  ulnar  nerve  while  holding  the  elbow  ex- 
tended and  the  limb  in  abduction. 

CHVOSTEK'S  TEST. — Chvostek's  test  was  repeatedly  present  in  our  case, 
as  indicated  in  the  chart.  It  is  a  constant  and  sensitive  test,  but  the  duration 
of  the  contraction  is  short  and  therefore  may  be  difficult  to  distinguish  in 
doubtful  cases. 

HOFFMAN'S  TEST. — Hoffman's  test,  which  depends  upon  hyperexcitability 
of  the  sensory  nerves  to  electrical  and  mechanical  stimuli,  was  not  studied. 
This  test  appears  to  be  of  little  practical  importance. 

DAS  PERONEUS  PHANOMEN  (LUST).- — This  test  should  be  mentioned,  al- 
though it  was  not  applicable  in  our  case.  The  peroneal  nerve  is  struck  with 
a  percussion  hammer.  In  case  of  irritability  the  blow  is  said  to  be  followed  by 
a'  brief  abduction,  with  simultaneous  dorsal  flexion  of  the  foot.  Lust  believes 
that  this  test  can  further  the  diagnosis  of  tetany  only  in  infancy,  and  has  no 
clinical  importance  after  the  third  or  fourth  year. 

TONGUE  TEST. — The  tongue  test  (Zungenphanomen ;  Schultze)  failed  to 
elicit  any  response  in  our  case,  yet  Schultze  reports  that  in  all  cases  of  tetany 
in  adults  he  was  able  to  demonstrate  a  peculiar  mechanical  hyperirritability  of 
the  tongue,  a  slight  blow  upon  the  tongue  producing  a  contraction  with  the 
appearance  of  deep  depressions. 

Course  of  Tetany. — The  course  of  tetany  following  thyroidectomy  has  been 
divided  by  Frankl-Hochwart  into  3  classes:  first,  cases  characterized  by  onset 
soon  after  operation,  with  severe  course  and  fatal  outcome;  second,  cases  in 
which  the  symptoms  appear  soon  after  the  operation  but  subside  after  a  variable 
time  and  are  followed  by  recovery ;  third,  cases  in  which  the  patients  live  but 
with  symptoms  of  tetany  with  which  may  be  associated  in  variable  degree  evi- 
dences of  myxedema.  It  is  evident,  therefore,  that  the  course  of  tetany  is  un- 
certain. 

Treatment. — Medical  treatment  consisting  of  the  administration  of  calcium 
lactate  and  parathyroid  nucleoproteid,  should  be  tried  at  the  first  appearance  of 
symptoms  of  tetany.  The  symptoms  usually  can  be  controlled  by  these  measures, 
at  least  temporarily  during  their  administration. 

The  specific  indications  for  parathyroid  transplantation  are : 

1.  When  medical  treatment  seems  of  little  or  no  avail. 

2.  When  symptoms  are  severe  and   are  growing  progressively  worse  or 
are  unchanged  after  a  period  of  a  week  or  ten  days. 

3.  When  symptoms  of  a  milder  grade  persist  for  a  sufficient  period  to  make 
it  improbable  that  spontaneous  cure  will  take  place. 

GENERAL  PRINCIPLES  OF  TISSUE  TRANSPLANTATION. — Parenchymatous 
tissue  seems  to  have  been  successfully  transplanted  in  animals  of  the  same  spe- 
cies, and  between  human  beings.  But  the  transplantation  from  animal  to  man, 
as  between  animals  of  different  species,  has  uniformly  failed. 

Recent  experiments  appear  to  suggest  the  possibility  of  organ  transplanta- 
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tion  in  entirety  with  reestahlishment  of  tlic  •  •in-n'atinn  by  vessel  suture,  but 
this  inodilieation  has  not  I. ecu  sullieientlv  developed  for  practical  application 
(Sticli:  Heller ). 

TECHNIC  OF  PARATHYROID  TRANSPLANTATION. — Various  sites  for  im- 
plantation have  been  recommended,  >n<-h  a>  ihe  snlM-ntanenns  tissues,  properi- 
toneul  tissue,  onientnm,  spleen,  and  bone  imirmw.  In  determining  the  site,  at- 
tention must  he  iiiven  to  the  freedom  I'mm  s«-ri«>us  danger  which  it  offers  and  to 
its  qua liticat ions  for  supporting  the  life  of  the  implanted  tissue,  namely,  high 
vascularity  and  richness  in  lymphatics.  The  properitoncal  tissue  or  bone  mar- 
row should  be  elected  as  sites  favorable  for  a  "take"  and  as  the  ones  which 
expose  the  patient  to  the  least  danger. 

A  parathyroid  is  carefully  sought  in  a  bloodless  field,  dissected  out,  and 
removed  in  the  course  of  a  goiter  operation  in  an  otherwise  healthy  young 
patient;  but  fair  assurance  must  be  felt  from  the  nature  of  the  goiter  that  the 
loss  of  one  parathyroid  will  not  subsequently  be  prejudicial  to  this  patient.  The 
organ  is  put  immediately  into  Locke's  solution  *  and  kept  at  body  temperature 
until  implanted,  or,  better,  the  implantation  is  made  immediately  after  re- 
moval. 

The  patient  is  anesthetized  by  the  drop  ether  method  and  a  proper itoneal 
bloodless  pocket  made  beneath  the  rectus  ahdominis.  Local  anesthesia  is  not  to 
be  recommended  because  the  infiltration  of  the  tissues  may  be  prejudicial  to  a 
"take."  Our  experience  in  Case  II  was  unfavorable  to  nitrous  oxid  anesthesia. 
The  parathyroid  is  split  without  removing  it  from  the  solution  and  laid  well 
open,  or  it  is  cut  so  as  to  expose  2  or  more  raw  surfaces ;  the  technic  differs  in 
this  respect  according  to  the  size  of  the  gland.  The  implant  is  then  placed  in 
the  pocket  prepared  for  it  with  a  minimum  of  manipulation  and  exposure  to 
the  air.  After  complete  hemostasis  the  wound  is  closed  without  drainage. 

In  Case  I,  I  utilized  grafts  taken  from  accident  cases.  They  were  removed 
under  aseptic  precautions  from  3  cases  immediately  after  death.  They  were  put 
at  once  into  ascitic  fluid  and  implanted  as  soon  as  possible  in  the  subcutaneous 
tissues.  All  the  wounds  healed  by  primary  union.  While  this  procedure  may 
be  adopted  in  cases  of  necessity,  where  a  graft  cannot  be  obtained  from  a  living 
subject,  its  effectiveness  has  not  been  sufficiently  demonstrated  to  make  it  the 
method  of  choice.  Transplantations  from  animal  to  man  should  never  be  at- 
tempted. 

EESULTS. — So  few  parathyroid  transplantations  have  been  made  in  man 
that,  even  if  the  symptoms  of  tetany  disappear  after  an  implantation  has  been 

1  Locke's  solution: 

Sodium    chlorid    0.9       gm. 

Potassium   chlorid    0.042  gm. 

Calcium   chlorid    0.024  gm. 

Sodium  bicarbonate   0.03     gm. 

Dextrose    0.1       gm. 

Distilled    water    .  100      c.  c. 
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made,  the  value  of  the  graft  is  still  conjectural;  only  its  removal  (functional 
test),  which  is  not  justifiable,  could  demonstrate  the  real  effect  of  the  trans- 
plantation. Three  interpretations  are  possible  if  the  symptoms  subside  after 
parathyroid  transplantation.  First,  that  the  graft  exerted  no  influence.  It  is 
possible  that  the  tetany  was  destined  to  be  self-limited  and  that  the  parathyroid 
implantation  happened  to  precede  by  a  short  time  the  disappearance  of  the 
symptoms.  Among  the  reported  cases  of  tetany  are  some  in  which  the  symp- 
toms appeared  soon  after  the  operation  and  subsided  after  a  variable  time  with 
complete  recovery.  Second,  that  the  graft  may  have  exerted  a  temporary  effect 
during  its  absorption  in  tiding  over  a  transitory  tetany  while  the  injured  or 
devascularized  parathyroids  were  rehabilitating  themselves.  Leischner  inclines 
toward  this  view.  Third,  it  is  possible  that  the  transplanted  parathyroid  is 
permanently  effective  as  a  functionating  graft.  Without  entering  into  an  ex- 
tensive consideration  of  tissue  transplantation,  it  may  be  asserted  that  the 
parathyroid  is  a  relatively  favorable  tissue  for  grafting.  Halsted's  experi- 
ments on  dogs  indicate  that  a  small  autograft,  if  a  considerable  deficiency  in 
parathyroid  tissue  has  been  created,  is  capable  of  living  and  preventing  tetany. 
This  he  proved  by  the  functional"  test. 

In  view  of  the  uncertain  status  of  all  proposed  methods  of  treatment,  the  im- 
portance of  prophylaxis  is  evident. 


TRANSPLANTATION  OF  THE  THYROID 

Of  all  parenchymatous  transplantations,  that  of  the  thyroid  gland  has  re- 
ceived the  most  attention.  The  original  experimental  transplantations  of  this 
organ  in  animals  were  done  by  Schiff;  the  first  attempt  in  man  was  made  by 
Kocher  in  a  case  of  cachexia  strumipriva.  (1883).  The  functional  results  in 
both  instances  were  transitory  only.  It  was  tried  by  Bircher  and  others  for 
myxedema,  with  similar  results.  The  first  attempts  which  seem  to  have  been 
successful  in  respect  to  the  life  and  function  of  the  transplanted  thyroid  tissue 
were  those  of  v.  Eiselsberg  and  Cristiani.  Payr  has  reported  striking  and 
suggestive  results  in  animals  and  in  the  human  subject.  He  transplanted  with 
considerable  benefit  a  large  piece  of  thyroid  tissue  from  a  mother  into  the  spleen 
of  her  child  who  was  suffering  from  congenital  myxedema. 

Kocher  obtained  some  success  by  implantations  into  the  medulla  of  the  tibia. 
His  technic  is  as  follows :  The  diaphysis  close  to  the  epiphyseal  line  is  elected 
on  account  of  its  vascularity.  A  bone-periosteal  flap  is  lifted  and  a  pocket  is 
made  in  the  medulla.  A  silver  ball  about  1  cm.  in  diameter  is  inserted  and  the 
bone  flap  and  skin  are  closed  over  it.  After  a  few  days  granulation  tissue  has 
formed  around  the  ball  and  the  wound  is  reopened,  the  ball  removed,  the  wound 
washed  with  salt  solution,  and  the  implant,  as  nearly  as  possible  the  size  of  the 
ball,  is  inserted  into  the  bloodless  pocket.  Normal  or  hyperplastic  thyroid  tis- 
sue from  which  the  capsule  has  been  removed  should  be  used. 
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The  conditions  in  which  thyroid  transplantation  may  be  considered  are 
cretinism  ;m«l  <-ii<-h<-xi;i  >t  mmipriva. 

1.  Cretinism. — Coniicnihil  absence  of  functionating  thy  mid,  evidences  of 
which  ;nc  usually  delayed  for  some  months  after  birth,  results  in  peculiar  char- 
acteristics which  are  too  well  known  to  call  for  enumeration  here.     Persistent 
thyroid  feeding  replaces  to  some  extent  the  thyroid  deficiency  and  improves  the 
condition  of  the  patient. 

Operative  treatment  through  thyroid  implantation  has  been  recommended 
and  carried  out  by  Payr  with  somewhat  encouraging  results;  but  organ  trans- 
plantation has  not  been  placed  on  a  practical  basis  sufficiently  firm  to  warrant 
much  hope  of  cure  in  this  class  of  patients  who  are  congenitally  so  deficient. 
However,  the  hopeless  condition  of  the  patient  makes  the  effort  justifiable. 

2.  Cachexia  Strumipriva. — The  facility  with  which  patients  can  be  ren- 
dered immune  to  the  ill  effects  of  postoperative  thyroid  deficiency  by  thyroid 
feeding,  the  likelihood  of  the  symptoms  being  transitory  through  hypertrophy 
of  the  remaining  tissue,  and  the  uncertainty  of  the  efficiency  of  transplantation 
render  the  indications  for  thyroid  implantation  in  this  type  of  case  extremely 
rare.    Certainly  no  procedure  of  a  serious  character,  such  as  organ  transplanta- 
tion with  vascular  anastomosis,   is  advisable.     Yet  implantation  of  thyroid 
tissue  is  warranted  when  thyroid  feeding  is  impracticable  or  unsatisfactory. 

The  technical  details  of  tissue  transplantation  have  been  discussed  suffi- 
ciently. The  properitoneal  tissue  or  the  medulla  of  the  tibia  or  both  are  the 
sites  to  be  used  for  implantation. 


LESIONS  OF  THE  PARATHYROIDS 

Lesions  of  the  parathyroids  are  rarely  recognized.  Those  which  demand 
surgical  intervention,  namely,  cysts  and  benign  tumors,  are  too  unusual  to 
admit  of  any  specific  operative  plan.  The  general  principles  laid  down  for 
operations  on  the  thyroid  may  safely  be  applied. 
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CHAPTER    VIII 

THE  LARYNX,  TRACHEA  AND  BRONCHI 
NATHAN  W.  GKI-.I-.N 

EPIGLOTTIDECTOMY 

(Removal  of  the  Epiglottis) 

Indications. — In  certain  conditions  of  the  larynx,  where  the  tumefaction 
and  consequent  immobilization  of  the  epiglottis  cause  it  to  act  as  an  obstructing 
body  in  the  pharynx,  either  hindering  deglutition,  embarrassing  respiration,  or 
standing  in  the  way  of  proper  inspection  and  treatment  of  the  interior  of  the 
larynx,  the  epiglottis  may  be  removed  through  the  mouth,  either  by  means  of 
direct  vision  or  with  the  aid  of  the  laryngeal  mirror. 

The  pathological  thickening  may  be  caused  by  one  form  or  another  of 
tuberculous  infiltration  (Lake,  31;  Chambers,  9),  or  by  the  extension  of  a 
carcinomatous  process  which  would  be  of  the  extrinsic  type  of  laryniical  carci- 
noma, which,  according  to  Baratoux  (2),  often  originates  in  the  epiglottis. 
(This  has,  however,  not  been  the  experience  of  some  of  our  New  York  laryngolo- 
gists — Del  a  van,  14.) 

The  operation  is  sometimes  performed  as  a  palliative  procedure  to  aid  in 
swallowing  and  to  relieve  the  obstruction  to  breathing.  A  cure  of  the  condition 
has  been  reported  in  one  or  2  instances,  but  when  reported  the  time  elapsed  was 
not  long  after  the  operation  (Baratoux,  2). 

An  abscess  or  cyst  of  the  epiglottis  may  require  intervention,  and  in  either 
of  these  cases  a  partial  or  complete  epiglottidectomy  may  be  done.  F.  F. 
Chamberlain  (8)  reported  a  cure  of  an  infected  cyst  of  the  epiglottis  by  means 
of  cutting  away  the  anterior  wall  with  laryngeal  scissors. 

Technic. — The  operation  of  epiglottidectomy  may  best  be  described  in 
the  language  of  T.  R.  Chambers.  General  or  local  anesthesia  may  be  used. 
Chambers  (9)  describes  the  operation  as  follows: 

"A  so-called  Brandigeo  ndonoid  forceps,  having  three  cutting  edges,  was  suc- 
cessfully employed.  With  the  first  finger  of  the  left  hand  as  a  guide,  the  cutting 
jaws  of  the  forceps  were  engaged  about  the  tumor  and  epiglottis.  The  anterior  jaw 
was  pushed  well  down  toward  the  neck  of  the  epiglottis.  With  one  closure  of  the 
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handles  the  epiglottis  and  its  tumor  were  severed  and  adrenalin  was  swabbed  into 
the  wound.     There  was  quite  some  bleeding,  which,  however,  was  soon   controlled." 

Results. — In  the,  case  of  the  patient  of  Dr.  Chambers,  no  disagreeable  after- 
effects were  noted,  and  she  had  anot  a  single  cough  nor  choking  spell  when  swal- 
lowing food."  .Five  months  after  the  operation  some  swellings  which  recurred 
had  disappeared,  and  the  view  of  the  vocal  cords  was  clear  and  distinct. 


REMOVAL  OF  NEW  GROWTHS  OF  THE  VOCAL  CORDS 

Operations  on  the  vocal  cords  are  done  by  means  of  direct  vision  through  the 
mouth,  the  indications  being  benign  growths,  such  as  papillomata  and  fibromata, 
singers'  nodules,  and  cysts  (23).  These  last  are  best  removed  by  the  galvano- 
cautery.  C.  J.  Koenig,  of  Paris  (29),  makes  use  of  a  specially  designed 
cautery  and  obtains  good  results.  Very  little  reaction  of  the  cords  follows 
operation  (two  or  three  days  at  the  most). 

TJse  of  the  Galvanocautery  and  Forceps. — E.  Hautiere,  in  his  Paris  thesis, 
1901,  says  that  the  only  rational  treatment,  to  his  mind,  is  the  surgical  treat- 
ment. It  comprises  destruction  by  means  of  the  galvanocautery  or  removal  with 
forceps. 

"The  galvanocautery,  which  is  employed  most  frequently,  is  the  one  which  Botey 
has  recommended  and  which  has  been  adopted  by  M.  Lermoyez  in  France.  It  consists 
of  a  very  fine  point  which  is  slightly  curved.  It  is  sufficient  to  bury  the  point  in  the 
nodule  from  one  to  two  millimeters,  but  one  can  easily  conceive  that  he  could  miss 
the  nodule  and  burn  the  neighboring  part  of  the  vocal  cord.  Furthermore,  if  the 
nodule  is  not  completely  destroyed,  it  is  possible  that  the  process  will  recur  and  a 
new  swelling  will  form.  Much 'more  surgical  and  radical  is  the  extirpation  of  the 
nodule  by  means  of  forceps.  Botey  has  had  constructed  for  this  purpose  special 
forceps  with  cutting  edges  taking  away  the  tumor,  as  with  punch  forceps.  It  is  this 
method  which  seems  preferable  to  me." 

This  procedure  is  done  at  one  sitting,  under  a  local  anesthetic,  and  the 
after-treatment  comprises  a  spray  to  the  larynx  and  resting  the  voice  for 
several  days. 

In  cases  of  papillomatous  thickening  of  the  vocal  cords,  it  may  be  possible 
to  operate  through  the  direct  vision  speculum,  placing  the  patient  in  a  chair  with 
his  chest  forward  and  the  head  thrown  back  somewhat,  but  not  so  far  as  to 
curve  the  cervical  vertebra?  backward.  Anesthetize  the  pharynx  and  larynx  by 
swabbing  and  a  cocain  spray  of  a  10  per  cent,  strength,  or  with  a  strong  solution 
of  novocain.  When  the  anesthesia  is  established,  after  a  period  of  15  to  20 
minutes  the  direct  vision  laryngoscope  of  the  Chevalier  Jackson  type  is  intro- 
duced in  the  upper  portion  of  the  larynx  and  inspection  made  with  the  aid  of  an 
electric  light.  Any  fibroma  or  papillomatous  growth  may  then  either  be 
pinched  off  with  forceps  or  taken  away  by  means  of  a  snare. 
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The  after-treatment  of  this  condition  consists  in  applications  of  a  weak 
formalin  solution  to  the  cords,  and  sparing  the  voice  as  much  as  possible,  talking 
only  in  whispers  for  the  first  week  snh>e<jiient  to  the  procedure. 

Other  Methods.-  It'  this  method  dues  nut  rid  the  patient  of  his  trouble,  then 
resource  must  be  had  to  a  thyrotomy  or  subhyoid  pharyngotomy,  or  even  a 
t  rarheotuiuv.  Ahbe  (1)  has  recorded  cases  of  cure  of  these  persistent  papil- 
lomata  by  means  «.f  radium — f>0  milligrams  of  radium  bromid  placed  within 
I  he  rinia  glottidis  and  held  there  for  20  to  30  minutes. 

In  some  patients  who  are  unable  to  extend  the  neck  sufficiently  to  give  a 
satisfactory  view  of  the  interior  of  the  upper  portion  of  the  larynx,  especially 
tin1  anterior  commissure,  the  papillomatous  growth  may  be  removed  by  means  of 
indirect  vision — that  is,  by  the  aid  of  the  laryngeal  mirror  and  a  snare  curved 
so  as  to  go  directly  into  the  larynx  while  the  patient  sits  upright. 


LARYNGOTOMY  BY  MEANS  OF  A  CUTTING  DILATOR 

Whistler  (38)  reports  2  cases  of  syphilitic  stricture  with  an  account  of  2 
cases  operated  upon  by  means  of  a  new  cutting  dilator.  The  instrument  which 
he  devised  combined  the  properties  of  a  knife  and  a  dilator  in  one.  The  dilator 
was  almond-shaped,  14  mm.  anteroposteriorly,  and  8  mm.  in  thickness,  with 
a  concealed  knife  which  could  cut  either  anteriorly  or  posteriorly. 

In  one  case  the  stricture  was  caused  by  adhesions  of  the  ventricular  bands 
anteriorly.  After  a  tracheotomy  for  urgent  dyspnea,  the  operation  consisted  in 
pushing  the  dilator  down  until  it  fitted  tightly  in  the  stricture  and  then  pro- 
truding the  knife.  "After  a  gentle  movement  of  the  handle  upward  and  down- 
ward," he  afelt  the  resisting  point  in  the  larynx  yield  and  pressed  the  dilator 
easily  into  the  glottis."  This  "linear  incision  could  be  plainly  seen  when  the 
stricture  had  been  divided."  On  repeated  occasions  the  dilator  was  again  in- 
troduced, but  without  the  knife,  to  follow  up  the  advantage  gained. 

In  a  second  case  Whistler  passed  the  laryngotome  between  the  vocal  cords 
and  divided  the  stricture  between  them.  The  dilator  was  then  introduced  once 
a  day  for  a  month. 

Both  patients  wore  a  tracheal  cannula  for  many  months  after  the  operation 
on  the  stricture. 


LARYNGOSTOMY 

Indications. — It  is  J.  Guisez  (22)  who  says  that  Killian  and  Piniaseck,  in 
Germany,  and  Sargnon,  in  France,  were  the  first  (1906)  to  practice  this  op- 
eration, which  is  destined  to  cure  patients  with  fibrous  stricture  of  the  larynx, 
and  permit  those  who  otherwise  would  be  condemned  to  it  forever  to  escape 
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from  the  cannula.1     Laryngostomy  may  also  be  performed  in  perichondritis 
of  the  larynx  (Iwanoff  and  Kravitz,  24). 

Technic. — The  intervention  comprises  the  following  steps : 

"(a)  The  thyroid  and  cricoid  cartilages  are  split  by  means  of  scissors  and  the 
incision  is  prolonged  to  the  level  of  the  tracheal  opening  where  the  cannula  is  situated, 
(b)  The  split  cartilaginous  edges  are  then  sutured  to  the  skin  edges  of  the  wound  by 
means  of  silk  thread,  (c)  The  cicatricial  tissue  is  then  removed  by  means  of  a  bis- 
toury as  widely  as  possible  from  the  larynx  thus  opened,  (d)  A  soft  rubber  tube  is 
introduced  into  the  wound  with  a  silk  thread  fastened  at  one  extremity  to  prevent 
its  going  into  the  trachea  or  pharynx,  and  the  larynx  is  packed  with  aseptic  gauze,  (e) 
The  presence  of  the  tube  takes  away  the  slough  from  the  remainder  of  the  neigh- 
boring fibrous  tissue,  increases  the  degree  of  permeability  of  the  larynx  and  skims 
over  the  interior  surface  of  the  larynx. 

"One  can  increase  progressively  the  volume  of  the  drain  and  give  to  the  larynx 
a  sufficient  caliber.  Dressings  and  the  drain  should  be  changed  almost  every  day 
during  the  several  months  (8  to  15  months)  and  when  one  is  well  assured  that  the 
respiration  goes  on  in  the  normal  fashion  and  regularly,  the  external  laryngeal  orifice 
can  be  closed  by  an  autoplastic  operation.  Such  is  the  principle  of  this  operation 
which  requires,  as  one  can  see,  the  greatest  patience,  but  which  has  already  given 
the  best  results." 

If  this  procedure  is  done  in  the  case  of  a  child,  care  must  be  exercised  in 
selecting  the  size  of  the  soft  rubber  drain.  In  this  case  it  should  be  4  to  6  cm. 
long  and  of  a  size  from  No.  15  to  20  F.  It  should  be  tied  into  the  wound  with 
silk  and  at  the  upper  end  it  should  not  pass  above  the  level  of  the  arytenoids 
(J.  Baratoux,  2a). 

THYROTOMY 

By  the  term  thyrotomy  is  meant  the  opening  of  the  laryngeal  box  through 
the  thyroid  cartilage  and,  preferably,  in  the  middle  line.  This  procedure  has 
also  been  called  laryngofissure. 

Indications. — In  papillomatous  growths  which  exhibit  a  tendency  to  recur 
after  surgical  intervention,  opening  of  the  thyroid  cartilage  and  removal  of  the 
growth  by  curetting  through  this  opening  may  be  indicated. 

Solis-Cohen  (36)  says,  however:  "It  is  extremely  liable  to  impair  the  voice 
irretrievably.  .  .  .  For  this  reason  it  may  be  questionable  in  certain  cases, 
especially  in  children,  when  the  growth  is  in  the  upper  portion  of  the  larynx, 
whether  the  more  conservative  operation  of  subhyoid  pharyngotomy  should  not 
be  performed  in  preference." 

In  small  intrinsic  epitheliomata  of  the  larynx  which  have  shown  less  malig- 
nant tendency,  the  opening  of  the  thyroid  cartilage,  with  the  removal  of  the 
growth  and  the  mucous  membrane  surrounding  it  and  some  of  the  cartilage  be- 

1  Guisez  says,  however,  in  a  footnote,  that  for  several  months  he  has  been  undertaking  a 
circular  electrolytic  dilatation  of  the  cicatricial  strictures  of  the  larynx,  relieving  many 
patients  of  their  cannulae  by  this  very  simple  proceeding. 
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neath  it,  has  effected  a  cure.  This  procedure  has  been  recommended  by  some 
authors  of  wide  repute.  St.  ('lair  Thomson  (37),  in  I'.'lii,  reported  opera- 
tions on  10  cases  of  intrinsic,  cancer  of  tin-  larynx  by  lar\ -Mgotissiire,  with  a  last- 
in  i;-  cure  in  s<>  per  cent.  I  Jut  I  in  (  7  ),  on  the  other  hand,  in  r.'<»-\  put  himself  on 
record  as  being  more  inclined  t<>  laryngectomy. 

Thyrotomy  may  he  the  only  jilternat  ive  that  a  patient  will  allow  the  op- 
erator, and  in  this  ease  it  should  only  he  undertaken  with  the  full  knowledge 
on  the  part  of  the  patient  that  it  is  not.  the  safest  procedure  ;.s  far  as  prevention 
of  a  recurrence  is  concerned.  Cliiari  maintains  that  a  radical  cure  of  the-e 
growths,  no  matter  how  small,  cannot  be  effected  by  means  of  an  incomplete 
laryngectomy,  much  less  a  thyrotomy  with  removal  of  only  part  of  the  under- 
lying thyroid  cartilage;  and  in  short,  as  in  cancer  in  any  other  part  of  the  body, 
such  a  limited  procedure  as  removal  of  part  of  the  offending  organ  seems  un- 
surgical  and  only  courts  disaster  later  in  the  shape  of  a  recurrence. 

Large  foreign  bodies  lodging  in  the  larynx  may  be  removed  by  thyrotomy, 
but  on  account  of  the  tendency  to  the  consequent  agglutination  of  the  anterior 
portions  of  the  vocal  bands  in  healing,  this  sectioning  of  the  thyroid  cartilage 
is  to  be  avoided  if  other  means  are  sufficient  to  give  access  to  the  interior  of  the 
larynx. 

Technic. — An  incision  is  made  from  the  hyoid  bone  to  the  cricoid  cartilage 
in  the  middle  line  of  the  neck,  passing  everywhere  down  to  the  cartilage.  The 
thyroid  cartilage  is  then  split  accurately  in  the  middle  line,  either  with  a  sharp 
knife  or,  as  some  recommend,  with  straight  scissors,  the  blade  entering  at  a 
point  between  the  thyroid  and  cricoid  cartilages  and  including  the  mucous  mem- 
brane, together  with  the  thyroid  cartilage.  The  division  is  extended  up  di- 
rectly between  the  anterior  extremities  of  the  vocal  cords.  Great  care  must  be 
maintained  in  keeping  to  the  middle  line,  as  otherwise  one  or  the  other  of  the 
cords  may  be  injured  and  the  return  of  the  vocal  function  will  be  much  im- 
paired. 

When  the  thyroid  cartilage  and  the  mucosa  have  been  opened,  the  assistant 
retracts  on  either  side  with  sharp  retractors  and  in  this  way  throws  the  interior 
of  the  larynx  open  to  view.  If  a  papillomatous  condition  is  now  seen  on  the 
cords,  it  may  be  removed  with  scissors,  touching  the  base  with  a  weak  formalin 
solution.  If  the  growth  is  situated  between  the  true  and  the  false  cords — that 
is,  in  the  ventricle  of  the  larynx — and  if  it  gives  evidence  of  malignancy,  it  may 
be  found  necessary  to  remove  one  cord  in  order  that  a  sufficiently  wide  margin 
of  removal  may  be  effected.  The  growth  should  then  be  taken  out  without  dis- 
turbing it  and  a  piece  of  the  thyroid  cartilage  underneath  it  should  be  removed, 
in  order  that  no  cancerous  elements  may  be  left  at  the  base.  A  careful  study 
must  then  be  made  of  the  lymphatics  leading  from  the  lar\nx  and  the  ones 
receiving  the  drainage  from  the  site  of  the  new  growth  should  be  removed  if 
there  is  any  sign  of  enlargement  of  the  nodes. 

The  2  halves  of  the  thyroid  cartilage  are  now  approximated  and  held  to- 
gether with  small  silver  wire  sutures,  but  these  should  not  penetrate  the  mucosa. 
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Healing  of  the  cartilage  will  probably  not  occur,  but,  what  amounts  to  the  same 
thing,  healing  by  connective  tissue,  will  better  occur  if  the  sutures  are  not  ab- 
sorbed too  early,  if  at  all.  As  in  other  wounds  of  the  air  passages  outside  of  the 
chest,  it  is  well  to  insert  a  temporary  drain,  upon  suturing  the  skin,  to  avoid  the 
unpleasant  complication  of  a  subcutaneous  emphysema. 

In  cases  where  the  consequent  edema  of  the  larynx  may  seem  inevitable,  it 
is  wiser  to  do  an  associated  tracheotomy  and,  after  the  thyroid  cartilage  is  closed 
and  the  laryngeal  portion  of  the  operation  is  finished,  leave  a  tracheotomy  tube 
in  place  for  4  days,  until  the  time  for  the  edema  to  occur  has  passed. 


LARYNGOTOMY  THROUGH  THE  CRICOTHYROID  MEMBRANE 

Indications. — The  indications  for  this  procedure  are  obstruction  to  the  glot- 
tis from  any  cause ;  the  presence  of  papillomatous  growths  in  the  larynx ;  or  the 
presence  of  foreign  bodies  in  the  larynx,  which  cannot  be  extracted  through  the 
mouth.  It  is  not  the  operation  of  choice  in  opening  the  air  passages,  but  is 
recommended  in  emergencies  and  is  far  better  than  cutting  through  the  cricoid 
cartilage.  It  may  be  quickly  done  and  without  special  instruments. 

The  object  of  selecting  this  site  for  the  laryngeal  opening  is  to  avoid  injury 
to  the  thyroid  cartilage  above,  which  may  later  cause  an  impairment  to  the 
voice  from  cicatricial  joining  of  the  anterior  extremities  of  the  vocal  bands  upon 
healing;  and  below  to  avoid  injuries  to  the  cricoid  cartilage,  which  is  the  main 
framework  of  the  mechanism  of  the  larynx  (J.  Solis-Cohen,  36).  Injury  to 
this  cartilage  may  cause  sloughing  of  it,  so  that  there  may  be  impairment  in  its 
healing,  causing  a  deformity  of  that  portion  of  the  larynx  and  a  constriction  of 
the  lower  opening,  as  well  as  great  impairment  of  the  modulation  of  the  voice. 

Laryngotomy  through  the  cricothyroid  membrane  may  also  be  done  in  chil- 
dren where  the  operator  feels  disinclined  to  cut  across  the  isthmus  of  the  thyroid, 
which,  in  these  cases,  lies  at  the  extreme  upper  part  of  the  trachea.  This  gives 
a  very  high  opening.  The  isthmus  of  the  thyroid  in  children  is,  however,  more 
feared  by  operators  than  seems  at  all  necessary.  Foulis  (16)  of  Glasgow  has 
called  attention  to  this  fact  and  even  gone  so  far  as  to  recommend  that  the  point 
of  election  for  the  opening  of  the  air  passages  lies  directly  behind  the  isthmus 
of  the  thyroid  in  cases  of  emergency.  He  makes  a  practice  of  cutting  right 
through  the  isthmus,  not  fearing  the  hemorrhage  which  is  slight  and  can  be  con- 
trolled by  clamping  between  two  hemostats. 

Edema  of  the  larynx  calls  for  a  laryngotomy  when  efforts  at  scarification 
have  failed  to  reduce  the  swelling.  This  is  well  done  through  the  cricothyroid 
membrane.  It  is  a  comparatively  harmless  procedure,  and  the  subsequent  im- 
pairment of  the  workings  of  the  larynx  is  very  slight.  In  the  hands  of  a  sur- 
geon who  does  not  feel  himself  competent  in  laryngeal  technic,  it  is  better  to 
open  the  air  passages  in  cases  of  foreign  bodies  in  the  larynx,  and  to  remove  the 
foreign  substance  by  the-  external  route,  rather  than  to  attempt  to  extract  it  by 
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direct  vision  through  the  laryngoscope.      A    larynirotomy  through   the  crico- 
tliyroid  membrane  is  here  indicated. 

It  is  also  indicated  in  diphtheria  where  intubation  cannot  be  successfully 
done,  or  where  intubation  has  been  done  and  no  relief  obtained.  In  the  hands 
of  many,  it  may  he  better  to  do  a  laryngotomy  rather  than  to  waste  time  and  to 
use  up  the  strength  of  the  patient  by  atempting  to  do,  what  is  to  them,  the 
unfamiliar  procedure  <>f  intubation. 

Technic. — The  procedure  is  a  comparatively  simple  one.  It  is  generally 
the  preference  of  the  operator  to  stand  on  the  patient's  right  and  to  grasp  the 
larynx,  made  prominent  by  the  extended  head,  with  the  thumb  and  forefinger  of 
tin  left  hand.  The  incision  is  then  made  in  a  longitudinal  direction  over  the 
cricoid  and  thyroid  cartilages  in  the  middle  line.  (In  all  proceedings  care 
should  be  taken  to  make  the  skin  incision  as  long  as  the  wound  in  the  trachea 
and  larynx.  Failure  to  do  this  may  result  in  a  very  embarrassing  subcutaneous 
emphysema  or  in  a  prolonged  infection,  which  threatens  the  patient's  life  by  the 
presence  of  septic  wound  secretions.) 

The  sternohyoid  and  sternothyroid  muscles  should  be  quickly  retracted 
from  the  middle  line  when  the  cricothyroid  membrane  is  exposed.  This  may  be 
entered  by  plunging  the  scalpel  directly  backward,  either  in  a  longitudinal  or  in 
a  crosswise  direction,  taking  care  not  to  injure  the  back  of  the  larynx.  All 
bleeding  should  be  stopped  before  the  larynx  is  entered.  In  order  to  avoid 
some  embarrassment  caused  by  injuring  the  isthmus  of  the  thyroid,  it  is  well 
that  care  should  be  taken  in  the  case  of  children  to  push  it  out  of  the  way,  that 
is,  downward.  When  the  cricothyroid  membrane  is  finally  open,  either  a  soft 
rubber  tube  should  be  inserted,  just  filling  the  opening,  or  a  curved  trachea 
tube,  or  if  these  are  not  available,  a  piece  of  bent  wire  may  be  found  serviceable 
to  keep  the  wound  open.  If  the  tube  or  the  trachea!  cannula  is  used,  it  should 
be  changed  at  first  at  intervals  of  12  hours  or  even  oftener,  to  prevent  pressure 
necrosis  at  the  back  of  the  trachea.  The  wound  should  be  dressed  with  moist 
dressings  and  the  dressings  should  be  changed  several  times  a  day.  In  short, 
the  wound  should  be  treated  as  one  having  abundant  secretions  which  will  run 
into  the  trachea  if  vigilance  is  not  exerted. 

There  is  a  general  feeling  of  fear  on  the  part  of  patients  against  entering 
the  structures  of  the  neck  with  any  cutting  operation.  This  fear  is  also  har- 
bored to  a  large  degree  by  many  physicians.  It  seems  to  me  that  if  ibis  popular 
fear  could  be  removed  by  education,  physicians  would  more  frequently  be 
willing  to  enter  the  air  tube  when  the  emergency  was  arising,  rather  than  to 
waste  valuable  time  in  trying  to  meet  the  emergency  by  meanires  with  which 
they  are  not  at  all  familiar,  but  which  in  the  popular  mind  are  thought  to 
be  less  formidable.  I  would  advocate  that  more  attention  be  paid  to  this 
simple  procedure  for  relieving  the  symptoms  of  rapid  asphyxia,  so  that  less 
hesitation  should  be  entertained  with  regard  to  performing  it,  and  less  time 
lost  during  the  critical  moments  when  dyspnea  is  becoming  more  and  more 
serious. 
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PARTIAL   LARYNGECTOMY 

Indications. — The  indications  for  a  partial  laryngectomy  overlap  those  for 
a  thyrotomy.  It  is  performed  for  new  growths  of  the  larynx.  Krishaber  (30) 
has  classified  laryngeal  cancer  into  intrinsic  and  extrinsic  growths.  This  pro- 
cedure is  especially  indicated  in  small  intrinsic  growths  of  the  larynx.  D. 
Bryson  Delevan  noted  that  in  small  epitheliomata  of  various  parts  of  the  body, 
e.  g.,  in  the  epiglottis  and  helix  of  the  ear,  where  the  growth  is  situated  upon 
hyaline  cartilage,  a  removal  of  the  growth,  together  with  the  subjacent  cartilage, 
effects  a  cure,  and  it  has  been  noted  that  early  involvement  of  the  lymphatics 
does  not  occur.  This  "suggests  an  important  deduction  with  regard  to  intrinsic 
carcinoma  of  the  larynx,  namely,  that  in  certain  localities  of  the  body,  early 
involvement  of  the  lymphatic  system  does  not  seem  to  be  a  necessary  occur- 
rence. ...  In  consequence  of  this,  early  complete  excision  of  the  diseased 
area  may  be  followed  by  permanent  cure." 

Technics. — The  operative  procedure  consists  in  making  an  incision  from 
over  the  hyoid  bone  to  the  cricoid  cartilage  in  the  middle  line,  splitting  the 
thyroid  cartilage  carefully  and  accurately,  opening  the  mucosa,  inspecting  the 
larynx,  and  taking  out  that  portion  of  the  larynx  upon  which  the  new  growth  is 
situated.  This  is  a  little  more  severe  operation  than  the  preceding  and  will  be 
found  applicable  to  intrinsic  new  growths  that  have  progressed  further  than 
those  that  are  removed  during  thyrotomy.  It  is  generally  necessary  to  take 
out  half  and  leave  the  other  side  with  its  attached  vocal  cord  intact.  This,  in 
fact,  is  the  procedure  which  is  commonly  associated  with  the  term  "partial 
laryngectorny."  As  in  the  case  of  new  growths  of  the  body  in  any  situation,  the 
nodes  of  the  lymphatics  draining  the  affected  area  should  be  sought  for  and,  if 
involved,  they  should  be  carefully  and  thoroughly  removed,  making  a  wide  dis- 
section. This  may  be  done  at  a  later  sitting,  but  it  should  never  be  neglected 
nor  delayed  for  more  than  2  weeks.  The  lymphatic  drainage  from  the  larynx  is 
first  outward  toward  the  bifurcation  of  the  common  carotid  and,  secondly,  down- 
ward in  the  median  line.  Fairly  extensive  intrinsic  growths,  however,  have 
been  observed  without  any  apparent  enlargement  of  the  neighboring  lymph- 
nodes. 

Botey  (3)  recommends  that,  if  partial  laryngectomy  be  done  for  cancer,  the 
laryngeal  stoma  may  be  kept  open  for  a  year  or  two  without  inconvenience,  in 
order  to  observe  the  progress  of  healing. 


COMPLETE    LARYNGECTOMY 

Baratoux  (2)  gives  Billroth  the  credit  of  having,  in  1873,  performed  the 
first  complete  laryngectomy  for  cancer. 

Indications, — For  a  complete  laryngectomy  there  is  but  one  indication,  i.  e. 
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cancer  of  the  larynx.  In  tin-  trim  cancer  is  included  any  form  of  malignant 
growth.  The  vigor  of  the  patient  and  the  cxtrnt  of  the  nn»\vth  will  modify  even 
this  indication.  The  operation  of  removal  of  the  larynx  is  mutilating  in  the 
extreme  and  in  the  past  has  hern  accompanied  with  a  hiiih  mortality.  Latterly, 
in  the  hands  of  the  niorr  .skillful  surgeon-  ;md  e-preially  thr  general  -urgeoii- 
who  have  had  a  larym;eal  training,  thr  mortality  ha-  hrrn  reduced. 

To  encourage  our  in  entering  nj.mi  80  grave  a  tield,  let  us  refer  to  the  fol- 
lowing statement  of  ( 'hiari  (  10  ),  who  says  that  the  -nr^<  «'ii  is  obliged  to  under- 
take serious  operations  if  there  is  merely  a  prospect  tor  radical  cure.  "The 
results  of  extirpation  of  ranrer  of  the  larynx  are,  as  a  rule,  better  than  in  cancer 
in  other  parts  of  the  body." 

"The  intrinsic  cancer  generally  alTeets  the  voeal  hand  and  in  this  way  causes 
hoarseness,  which  induces  the  patient  to  consult  a  Uryngologist.  More  uncommonly 
it  is  located  in  the  ventricular  hands,  in  the  ventricle,  or  below  the  glottis;  in  any 
event  it  has  the  special  characteristic  of  not  infecting:  the  lymph  nodes  of  the  vicinity 
in  the  earlier  stages  and  even  late  in  the  disease." 


This  property  of  the  cancer,  of  being  held  within  the  cartilaginous  box  of 
the  larynx,  has  also  been  noted  a  number  of  years  ago  by  Delavan  and  is  now 
common  knowledge  with  those  surgeons  at  all  familiar  with  the  disease  and  its 
operative  treatment.  The  operation  for  cancer  of  the  larynx  must  be  conceded 
to  the  experienced  surgeon.  He  must  place  his  knowledge  "at  the  sen-ice  of 
laryngology."  (Gluck.) 

Chiari  (10)  further  states  that  "radical  cure  can  practically  not  be  ob- 
tained by  intralaryngeal  operations.  Therefore  for  more  than  twenty  years  I 
have  held  the  opinion  that  as  soon  as  any  growth  in  the  larynx  has  been  deter- 
mined to  be  cancer,  it  must  be  operated  upon  externally,  if  the  operation  is  still 
admissible" — that  is,  by  a  total  laryngectomy. 

Chiari  also  says,  according  to  Navratil :  "The  common  squamous-cell  carci- 
noma may  be  entirely  removed  by  thryotomy  when  it  is  intrinsic  and  when  it 
does  not  interfere  with  the  mobility  of  the  vocal  band." 

"He  advises,"  says  Navratil,  "partial  extirpation  in  simple,  intrinsic 
squamous-cell  carcinoma,  involving  only  ^  of  the  larynx  or  the  epiglottis, 
which  has  caused  no  metastasis.  He  advises  total  extirpation  in  the  beginning 
stages  of  horny,  squamous-cell  cancer  and  in  squamous-cell  cancer  which  has 
extended,  if  the  lymph-nodes  arc  felt  small  and  not  fixed." 

The  extent  of  the  intrinsic  cancer  governs  its  operability  to  a  large  degree. 
Navratil  (33)  further  says:  "Total  extirpation  is  not  indicated  in  extensive 
intrinsic  cancer  with  participation  of  the  esophagus  and  in  horny,  squamous- 
cell  cancer,  except  when  no  lymph-nodes  are  present,  and  naturally  not  in  the 
very  old." 

Gluck,  on  the  other  hand,  has  obtained  striking  results  in  the  removal  of 
extensive  intrinsic  cancer  with  extirpation  of  part  of  the  esophagus. 
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It  seems  to  me  that  in  this  combined  condition,  the  extent  of  the  growth, 
the  absence  of  palpable  lymphatic  involvement,  the  microscopical  character  of 
the  growth,  and  the  speed  and  skill  of  the  operator,  together  with  his  familiarity 
with  these  conditions,  both  in  the  living  subject  and  on  the  cadaver,  should  de- 
termine whether  the  patient  should  be  submitted  to  surgical  interference  or  not. 

Butlin  (7)  gives  a  report  on  37  cases  of  cancer  of  the  larynx  on  whom  he 
had  operated  by  31  thyrotomies,  2  hemi-laryngectomies  and  7  total  laryngec- 
tomies  (some  had  2  operations),  15  of  whom  were  well  after  3  years.  In  the 
end  of  his  paper  he  says  regarding  laryngectomy : 

"I  began  to  perform  the  operation  on  account  of  Gluck's  success,  and  of  the 
excellent  modification  due  to  Solis-Cohen.  I  wish  I  had  begun  to  perform  it  earlier, 
I  am  sure  that  several  of  the  cases  on  which  I  performed  thyrotomy  were  much 
better  fitted  for  laryngectomy  and  I  cannot  help  thinking  that  I  might  have  saved 
one  or  two  of  the  patients  in  whom  recurrence  took  place  if  I  had  then  removed  the 
larynx." 

The  new  growths  which  are  termed  cancers  and  which  indicate  the  removal 
of  the  larynx  are  either  epitheliomatous  or  sarcomatous — very  rarely  en- 
dotheliomatous  (Chevalier  Jackson,  25).  Of  the  epitheliomatous  growths,  some 
may  be  situated  entirely  within  the  larynx,  and  these  are  classified  by  Krishaber 
as  intrinsic  growths.  Some  may  be  situated  in  the  pyriform  fossa  in  the  upper 
pharynx  and  encroach  upon  the  larynx,  and  these  are  classified  by  him  as  ex- 
trinsic growths.  When  the  intrinsic  growth  has  grown  sufficiently  to  involve 
the  mucous  membrane  outside  the  larynx,  then  that  must  also  be  classified  as 
extrinsic.  The  extrinsic  growth  is  situated  without  the  larynx  and  either  en- 
croaches upon  the  larynx  from  without  or  it  is  situated  entirely  on  the  upper 
aspect  of  the  larynx.  In  212  cases  seen  by  Sir  Felix  Semon  the  cancer  was 
intrinsic  in  136  and  extrinsic  or  mixed  in  76  (St.  Clair  Thompson,  37).  In 
141  cases  of  cancer  of  the  larynx  seen  by  Chevalier  Jackson  (25)  in  23  years 
(1866  to  190 9)  98  were  intrinsic  and  43  extrinsic  by  origin  or  extension. 

Sarcoma  of  the  larynx  is  a  rare  condition  and  the  site  of  it  is  generally 
upon  one  of  the  cords  or  vocal  bands,  and  necessitates  removal  of  the  larynx. 
If  the  upper  part  of  the  esophagus  is  the  site  of  the  epitheliomatous  or  car- 
cinomatous  growth  and  if  the  growth  has  also  invaded  the  laryngeal  structure, 
the  larynx,  together  with  the  upper  part  of  the  esophagus,  may  have  to  be  re- 
moved. This  is  a  much  wider  procedure  than  laryngectomy  alone  and  requires 
that  the  operation  of  laryngectomy  be  supplemented  by  partial  esophagectomy. 
These  cases  are,  however,  of  such  comparatively  rare  occurrence  that  no  rule  of 
operation  can  be  laid  down  for  them,  as  they  occur  only  as  individual  cases  in 
the  course  of  one's  surgical  experience.  It  is  safe,  however,  to  follow  anatomical 
lines  when  interfering  with  such  a  pathological  condition. 

Diagnosis  of  Laryngeal  Cancer. — Before  discussing  the  severe  and  radical 
procedure  of  laryngectomy,  it  may  be  well  to  look  into  the  means  of  establish- 
ing a  diagnosis  of  the  new  growths  of  the  larynx.  It  is  not  our  province  to  go 
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into  the  symptomatology  of  carcinoma  of  the  larynx  here,  but  it  is  timely  to 
state  in  passing  that  continued  hoarseness  of  the  voice  is  one  of  the  first  symp- 
toms of  cancer  of  the  larynx  and  should  lead  to  a  thorough  examination.  The 
extrinsic  growths  may  be  seen  by  means  of  the  laryniiosropir  mirror  and  this 
should  first  be  tried.  The  typical  appearance  of  an  epithclionia  involving  the 
mucous  membrane  may  at  once  make  one  reasonably  certain  of  the  condition. 
This  inspection  can  easily  be  done  with  a  slight  cocainization  of  the  pharynx 
and  seems  to  be  the  first  step  taken  toward  determining  the  true  nature  of  the 
disorder.  If  the  growth  has  not  progressed  far  or  if  the  symptoms  point inir  t«» 
trouble  in  the  laryngeal  or  pharyngeal  region  have  not  lasted  long,  it  is  possible 
for  the  patient  to  extend  his  head  to  such  a  degree  that  the  region  may  be  in- 
spected by  the  direct  vision  laryngoscope,  or  through  a  short  esophagoscope. 
Here,  by  means  of  an  electric  light,  one  can  see  the  epithelioinatous  growth  and 
if  doubt  still  exists  as  to  the  true  nature  of  it,  a  piece  may  be  removed  by  means 
of  a  punch  forceps  and  subjected  to  microscopical  examination. 

It  is  the  usual  and  very  good  rule  not  to  interfere  with  a  new  growth  before 
its  complete  extirpation  is  planned.  In  other  parts  of  the  body,  partial  removal 
or  interference  with  malignant  tumors  has  been  known  to  set  up  increased  ac- 
tivity of  the  growth.  It  is,  therefore,  well  not  to  attempt  to  secure  a  specimen 
for  microscopical  examination  until  plans  are  completed  to  remove  the  growth 
if  it  be  malignant.  The  operation  of  laryngectomy  is  so  disabling  a  procedure 
that  it  seems  to  me  that  the  patient  should  not  be  subjected  to  this  ordeal  with- 
out having  first  exhausted  all  means  of  confirming  the  diagnosis,  even  at  the 
risk  of  starting  up  of  the  growth.  It  is  neither  fair  to  the  patient  nor  to  the 
operating  surgeon  to  leave  this  undone  when  it  is  possible  to  do  it.  In  this 
opinion  Chiari  coincides.  He  says : 

"It  is  certainly  indispensable,  in  most  of  the  cases,  to  make  a  positive  diagnosis. 
It  is  difficult  indeed  to  recognize  an  intrinsic  cancer  in  the  beginning  by  laryngoscopy 
alone.  Many  laryngologists  and  especially  in  America,  Thrasher  and  Simpson  in 
1900,  and  Lincoln  in  1903,  have  given,  expression  to  this  view.  It  is,  therefore,  quite 
natural  to  remove  a  piece  of  the  neoplasm  intralaryngeally  and  to  have  it  examined 
microscopically  by  a  competent  pathologist.  This  slight  operation  does  the  patient 
no  harm. 

"Mackenzie's  position — 'The  removal  of  the  piece  for  microscopic  examination  too 
often  means  the  beginning  of  the  end' — is  certainly  incorrect.  Many  operators,  in- 
cluding myself,  have  never  seen  such  a  result.  .  .  Still  I  do  not  wish  to  deny  that 
any  incomplete  removal  of  a  carcinoma  may  increase  its  growth." 

Lupus  of  the  larynx  or  simple  necrosis  may  stimulate  cancer  (Krishaber, 
30). 

In  intrinsic  growths  of  the  larynx,  the-  tumor  is  rarely  situated  below 
the  true  vocal  cords.  It  may,  however,  originate  in  the  true  cords.  Where 
it  is  small  and  below  the  true  vocal  bands,  it  may  be  passed  unnoticed 
until  finally  it  causes  irritation  to  the  cords,  hoarseness,  and  constant 
cousrh.  Where  it  is  situated  below  the  true  cord,  it  is  difficult  to  find,  and 
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the  only  thing  which  may  lead  our  attention  to  the  growth   in  this   situa- 
tion is  a  congestion  and  slight  reddening  of  the  cord  that  is  situated  above  it. 

-  A  one-sided  edema 

of  the  arytenoid  re- 
gion may  occur  in  in- 
trinsic growths  that 
have  progressed  fur- 
ther. In  the  more 
advanced  cases  of 
cancer  of  the  larynx 
one  must  look  for 
lymphatic  involve- 
ment, but  even  in 
well-advanced  intrin- 
sic growths  it  may 
be  impossible  to  find 
it  by  a  gross  exami- 
nation. In  the  ex- 


FIG.  1. — COMPLETE  LARYNGECTOMY,  PRELIMINARY  TRACHEOTOMY,  AND 
SKIN  INCISION  FOR  BEGINNING  SECOND  STAGE  OF  OPERATION. 
(From  original  dissections.) 


trinsic  growths  this 
involvement  takes 
place  much  earlier, 
first  on  the  side  in  which  the  growth  is  situated.  This  earlier  involvement  is 
one  great  reason  why  operations  on  extrinsic  growths  are  followed  by  a  much 
greater  percentage  of 
recurrences  than 
those  of  the  intrinsic 
variety.  The  lym- 
phatic involvement 
in  the  extrinsic  va- 
riety is  felt  along  the 
anterior  border  of  the 
sternomastoid  muscle 
opposite  the  upper 
border  of  the  thy- 
roid cartilage,  and 
extends  downward 
according  to  the 
amount  of  invasion. 
In  the  intrinsic 
growths,  the  lymph- 
nodes  first  involved 
may  be  found  at  the 
base  of  the  neck.  Fairly  extensive  intrinsic  growths  may  exhibit  no  lymphatic 
involvement. 


FIG.  2. — COMPLETE  LARYNGECTOMY,  EXPOSURE  OF  THYROID  CARTILAGE, 
TRACHEA  AND  THYROID  GLAND.  The  retractors  are  drawing  aside  the 
sternohyoid  and  sternothyroid  muscles. 
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Technic. — The  operation  nf  complete  lar\ •ii^e«M«»my  may  be  done  either  at 
1  sitting,  as  is  advocated  I.;-  (Jhick  (  17),  or  in  -1  sittings,  as  is  advocated  by 
Crile. 

SINGLE-STAGE    OPERATION. — Gluck  says: 

"In  the  «••!•» -M  majority  of  cases  where  a  simple  or  complicated  laryngectomy  is 
in  question,  I  isnhitr  tin-  pathological  condition  l.y  tunneling  the  tissues  by  means 
of  Kocher  sounds  and  by  ligaturing  tin-  vessels.  After  it  has  been  freed  in  this 
manner,  I  take  out  the  tumor  en  bloc  and  do  not  practice  section  of  the  trachea  until 
the  end  of  the  operation,  taking  pains  to  pla<-e  threads  on  it-  inferior  (proximal)  end, 
which  permits  it  to  be  drawn  up  ami  sutured  to  the  skin.  (He  sutures  it  into  a  but- 
tonhole of  the  skin.]  I  place  between  the  operative  wound  and  the  air  passages  a 
perfectly  stanch  harrier  of  living  tissues." 

TWO-STAGE  OPEEATION. — The  operation  may  be  preceded  by  a  trache- 
otomy or  even  a  gustrostomy  for  feeding,  as  was  su^e.-ted  by  Thiersch  for 
pharyngotomy,  and  advocated  by  de  Quervain  independently  for  the  same  con- 
dition in  isill),  and  later  for  Ijiryiigeetomy  (15).  ('hevalier  Jackson  (25) 
placed  himself  on  record  as  favoring  a  gastrostomy  prior  to  every 
in  1909.  He  insists  upon  it  if  the  esophagus  is  involved. 

However,  each 
has  claimed  a  largo 
percentage  of  recov- 
eries by  his  particu- 
lar method.  The  in- 
dividual cases  may 
present  such  varia- 
tions as  to  suggest 
one  form  or  other  of 
the  procedure  in  or- 
der to  meet  certain 
conditions.  If  dysp- 
nea be  a  prominent 
symptom  when  the 
patient  first  presents 
himself,  a  procedure 


FIG.  3. — COMPLETE  LARYNGECTOMY.  INCISION  OP  SECOND  STAGE  IN- 
VADING TRACHEOTOMY  WOUND  AT  ITS  UPPER  BORDER.  The  trachea 
is  severed  without  detaching  the  anchored  portion  in  the  lower  angle 
of  the  tracheotomy  wound.  Tin-  thyroid  jrhuul  is  divided  and  drawn 
outward.  The  larynx  with  the  upper  •_'  or  :<  rins:s  of  the  trachea  is 
now  drawn  forward  and  to  one  side  showing  the  recurrent  laryngeal 
nerve  and  the  superior  larynmul  nci  vr.  (This  latter  is  injected  with  a 
novocain  solution  before  cutting  it.) 


involving  a  prelim- 
inary tracheotomy  is 
advisable.  If  the 
patient  is  robust 
and  in  comparative- 
ly good  condition, 
the  whole  thing  may  be  done  at  one  sitting.  The  advantages  claimed  for  the 
preliminary  tracheotomy  are:  an  acquired  immunity  to  traelieal  and  bronchial 
infection,  the  anchoring  of  the  trachea  in  the  tissues  of  the  neck  before  it  is 
completely  cut  across,  the  forming  of  a  barrier  against  mediastinal  infection 
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by  granulation  tissue,  the  separating  of  the  tissues  on  one  side  from  the  vagus 
nerve,  thereby  passing  the  storm  of  vagus  irritation  of  that  side,  and  the 
division  of  an  otherwise  extensive  operation  into  2  parts.  The  preliminary 
tracheotomy  if  possible  should  be  done  8  to  10  days  before  the  larynx  is  to  be 
removed.  Delavan  (13)  says:  " While  early  tracheotomy  is  not  advised  by 

some  of  the  ablest 
general  surgeons  of 
the  day,  it  is  cer- 
tainly right  in  prin- 
ciple and  according 
to  the  best  light  of 
experience  correct  in 
fact."  It  should  be 
accompanied  by  the 
dissection  of  the 
planes  of  the  neck 
well  down  so  that  the 
vagus  nerve  of  that 
side  and  its  attack  of 
irritation  may  be 
passed.  The  other 

FIG.  4. — COMPLETE  LARYNGECTOMY.     THIS  PKJTURE  SHOWS  THE  PHAR-          . 
YNX  OPENED  IN  THE  FINAL  STEP  OF  THE  REMOVAL  OF  THE  LARYNX.          Side  IS  approached  at 

the    next    operation. 

Crile  calls  attention  to  the  undesirability  of  disturbing  both  nerves  at  the  same 
time,  as  a  double  infection  of  the  vagus  nerves  is  a  very  serious  complication 
and  may  prove  fatal,  due  to  its  influence  upon  the  heart  action. 

If  the  operation  be  done  in  two  stages — and  I  am  inclined  to  favor  such  a 
course — one  cannot  do  better  than  quote  from  Crile  (11).  Under  the  considera- 
tion of  the  special  difficulties  and  dangers  to  be  overcome  during  the  procedure 
of  laryngectomy,  he  says : 

"Pneumonia  following  operation  on  the  upper  air  passages  is  due  in  most  cases 
to  one  of  two  causes :  (a)  the  inhalation  of  blood,  and  (b)  the  inhalation  of  infected 
wound  discharges.  These  injurious  inhalations  occur  usually  in  the  course  of  the 
operation,  although  occasionally  the  postoperative  oozing  is  inhaled.  They  may  be 
prevented  in  part  by  scrupulously  maintaining  a  dry  field  in  the  entire  course  of 
the  dissection.  .  .  .  The  next  great  danger  associated  with  laryngectomy  is  that  of 
local  infection.  .  .  .  The  occurrence  of  some  infection  must  be  taken  for  granted,  but 
it  is  for  us  to  consider  by  what  means  the  amount  and  the  virulence  of  the  infection 
may  be  diminished  and  how  it  can  be  localized." 

(The  local  infection  he  tries  to  combat  by  previously  seeing  that  there  is  no 
infection  in  the  contiguous  territories  and  by  careful  sharp  dissection  and  imme- 
diate closing  of  the  soft  parts  overlying  the  wound,  and  by  using  the  iodoform 
packing  if  there  must  be  any  wound. ) 

Mediastinal  abscess  is  another  complication,  but  mediastinitis  is  probably 
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more  frequently  flu-  case.     Undoubtedly  tliis  is  favored  to  a  certain  degree  by 

the  iM'iiMl  i\ c  |>re--iiiv  of  tlic  j>lcnr;il  spaces  on  either  <i<le  exerting  its  influence 
upon  the  lymphatic  flow  and  favoring  the  inroad  of  infection  into  this  locality. 

"If  in  the  course  of  the  laryngectomy,  the  divided  trachea  is  stitched  to  the  skin, 

i  hen-  is  M-iv:,t  danger  that  subsequent  cou^hin^  will  cause  it  to  become  detached.  Its 
moorings  having  bc< •!!  lo-t,  it  will  he  thrust  hack  and  forth,  in  and  out  of  the  thoracic 
box,  like  the  piston  «>!'  an  engine.  MediaM  inal  infection  will  he  the  almost  inevitable. 
roiilt.  If,  on  the  other  hand,  the  free  end  of  the  trachea  j,  n,,t  tix.-d  l,y  sutures,  but 
is  held  by  gauze-  packing  about  it,  then  the  trachea  will  retract  within  the  thoracic 
cage  like  the  head  of  a  turtle,  and  again  infection  will  result.  It  is  obvious,  then, 
that  I  he  trachea  should  be  so  fixed  by  preliminary  operation  that  there  may  be  pro- 
duced an  invincible  barrier  of  granulations  extending  across  the  base  of  the  neck 
and  the  entrance  to  the  thoracic  cage.  There  are  two  methods  by  which  this  may 
be  done:  the  ordinary  simple  tracheotomy  will  fix  the  trachea  and  will  stimulate  the 
formation  of  efficient  granulation  tissue;  or  exposing  the  trachea  and  the  lower  larynx 
and  packing  the  lateral  planes  of  the  neck  with  iodoform  gauze  will  result  in  the 
production  of  granulations  and  in  fixing  the  trachea  so  firmly  that  coughing  cannot 
break  its  moorings.  Each  of  these  methods  by  itself  alone  has  certain  advantages 
and  disadvantages.  The  simple  tracheotomy  is  not  so  certain  a  safeguard  against 
infection  of  the  mediastinum  as  is  the  latter,  and  it  does  not  result  in  so  firm  a  fixation 
of  the  trachea  in  the  deeper  part  of  the  neck,  but  it  has  the  advantage  of  establishing 
a  strong  defense  mechanism  in  the  mucous  membrane  of  the  trachea  itself.  On  the 
other  hand,  the  packing  of  the  deep  planes  with  iodoform,  while  otherwise  an  ideal 
protection,  does  not  supply  the  protective  defenses  in  the  mucous  membrane  of  the 
trachea.  An  ideal  defense,  then,  is  found  in  a  combination  of  the  two  operations,  that 
is,  in  opening  ano^  packing  the  deep  planes  of  the  base  of  the  neck,  and  at  the  same 
seance  making  a  low  tracheotomy.  By  this  means  the  mediastinum  is  put  under 
strong  guard,  and  at  the  same  time  the  later  technic  of  the  laryngectomy  is  meas- 
urably reduced." 

After  this  preliminary  operation  has  been  completed,  in  which  the  trachea 
has  been  opened  and  the  planes  of  the  neck  have  been  packed  off  with  iodofonn 
gauze,  a  period  of  8  to  10  days  is  allowed  to  elapse  before  proceeding  to  the 
main  part  of  the  operative  technic.  The  operative  technic  proper  may  be  car- 
ried out  under  local  anesthesia  throughout,  or,  what  is  better,  a  combination  of 
local  and  general  anesthesia,  as  has  been  the  custom  for  years  with  Kocher  in  his 
goiter  cases.  For  the  local  anesthesia  the  usual  rules  of  applying  the  anes- 
thetic are  followed. 

"The  tissues  are  divided  down  to  the  box  of  the  larynx,  the  divisions  of  the 
platysma  and  of  the  other  soft  parts  being  preceded  also  by  novocain  infiltration. 
The  dissection  is  then  carried  down  along  the  lateral  aspects  of  the  larynx  until  the 
larynx  is  completely  freed.  If  there  is  lack  of  free  working  space  at  the  upper  end, 
a  lateral  incision  is  made  parallel  with  the  hyoid.  The  thyrohyoid  muscles  above  and 
the  sternothyroid  muscles  below  are  severed.  So  far  as  its  muscular  attachments 
are  concerned,  the  larynx  is  now  completely  mobilized.  If  the  laryngoscopic  examina- 
tion has  fixed  accurately  the  limits  of  the  neoplasm,  the  level  of  the  division  of  the 
larynx  may  be  predetermined,  and  the  next  step  will  be  the  division  of  the  trachea 
or  the  cricoid  at  a  level  free  from  disease.  Before  this  last  division  is  made,  however, 
24  B 
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novocain  is  infiltrated  into  the  rnucosa  throughout  the  entire  length  of  the  proposed 
division.    By  this  means,  the  terminals  of  the  superior  laryngeal  nerves  are  completely 


FIG.  5. — COMPLETE  LARYNGECTOMY.    CLOSURE  OF  PHARYNX. 


blocked  and  the  mucosa  may  be  divided  and  the  larynx  opened  without  causing  a 
change  in  the  respiration  or  the  circulation.     If  the  patient  is  old  and  the  cartilage 


FIG.  b. — COMPLETE  LARYNGECTOMY.  CLOSURE  OF  STERNOTHYROID  AND  STERNOHYOID  MUSCLES  OVER 
PHARYNX  AND  UPPER  PORTION  OF  ESOPHAGUS.  This  barrier  of  tissue  is  interposed  between  the 
drainage  above  and  the  trachea  below.  The  posterior  border  of  the  trachea  is  now  brought  forward 
and  sutured  to  the  skin.  The  anterior  border  of  the  trachea  at  this  point  has  been  sutured  to 
the  skin  ever  since  the  preliminary  tracheotomy. 

is  ossified,  it  is  necessary  to  exert  the  greatest  precaution  in  dividing  the  larynx  in 
order  that  the  esophagus  may  not  be  injured.     The  divided  end  of  the  larynx  is  next 
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raised  up  and  the  attachment  hetwern  tin-  Ijiryux  and  the  esophagi-  i>  divided  with 
knife  or  scissors.  In  a  short,  thick  ne<-k,  the  wings  of  tin-  larynx  which  extend  down 
Literally  to  protect  each  side  of  the  esophagus,  are  divided  with  scissors.  The  dis- 
section is  thru  c;trric<l  upward  until  the  upper  end  of  the  larynx  is  reached,  where 
its  posterior  wall  In -comes  fused  with  the  anterior  wall  of  the  pharynx.  The  upper 
end  of  the  larynx  is  then  cut  free,  the  larger  arteries  heing  severed  at  the  very  last. 
Hemostasis  must  be  most  thoroughly  observed  throughout  the  entire  operation.  If 
the  cancer  is  intrinsic,  the  lymphatic  glands  which  drain  the  diseased  zone  should 
be  carefully  removed  with  the  larynx  itself." 


to 


After  the  operative  procedure  has  ^.no  so  far  SLS  to  remove  the  larvnx.  the 
question  arises  as  to  what  is  to  bo  done  with  the  very  large  wound  which  now 
ron ia ins.  An  effort 
should  be  made 
eloso  the  pharynj 
wound  completely, 
or,  this  being  impos- 
sil>lo,  to  close  it 
around  a  rubber  tube 
((Jluck's  funneled 
feeding  tube)  which 
will  carry  the  secre- 
tions into  the  esopha- 
gus. The  upper  end 
of  the  trachea  should 
be  brought  forward 
and  sutured  to  the 
ilaps  of  the  skin  on 

either     side,      closing       FIG.    7. — COMPLETE    LARYNGECTOMY.      CLOSURE    OF    WOUND    WITH 
£C       *tl     tl  -ff  f*  DRAINAGE  ABOVE  AND  A  BARRIER  OF  SKIN  AND  UNDERLYING  TISSUE 

BETWEEN  THE  DRAINAGE  OPENING  AND  THE  TRACHEAL  OPENING. 

sue  the  upper  part  of 

the  wound  from  the  tracheal  orifice,  or,  according  to  the  method  of  Gluck,  it 
should  be  placed  in  a  separate  buttonhole  of  skin  and  an  effort  made  to  close 
the  wound  off  by  stitching  across,  as  a  barrier,  the  sternohyoid  and  storm »- 
thyroid  muscles.  The  rest  of  the  wound  should  be  packed  with  gau/.o  and 
treated  as  an  infected  wound  from  the  start. 

In  regard  to  removal  of  the  adjacent  lymphatic  nodes,  Butlin  in  1908  ex- 
pressed the  following  opinion : 

"I  think  the  glands  ought  to  be  removed  in  every  case  in  which  there  is  extensive 
carcinoma  of  the  larynx,  even  if  it  be  intrinsic,  unless  the  disease  is  limited  to  the 
middle  zone  of  the  interior  of  the  larynx.  Even  in  these  cases  it  would  probably  be 
a  wise  precaution  to  remove  the  glands.  I  have  never  removed  the  glands  and  the 
larynx  at  one  sitting." 
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TRACHEOTOMY 

A  tracheotomy  may  be  either  high,  low,  or  transverse.  The  high  operation 
is  above  the  isthmus  of  the  thyroid ;  the  low  operation  is  below  it ;  and  the  trans- 
verse one  is  over  the  cricoid  cartilage  (O.  Frank). 

Indications  for  High  Tracheotomy. — High  tracheotomy  is  done  to  relieve 
impending  obstruction  from  any  cause  above  the  trachea.  The  dyspnea  calling 
for  it  may  be  urgent  or  may  be  a  progressive  dyspnea  due  to  some  growth  of 
long  standing  in  the  larynx.  It  is  the  situation  of  choice  in  children.  Foulis 
of  Glasgow  has  called  attention  to  the  fact  that  the  isthmus  of  the  thyroid  is 
a  negligible  quantity  in  children  and  can  be  severed  between  two  clamps.  Its 
presence  may  be  ignored  and  behind  it  lies  the  best  place  for  entering  the 
trachea. 

Further  indications  for  a  tracheotomy  in  thia  situation  are:  to  aid  in  the 
inspection  of  the  trachea  and  to  aid  in  the  removal  of  foreign  bodies  from  the 
trachea  or  bronchi.  The  inspection  of  the  trachea  and  its  bifurcation  can  easily 
be  done  by  means  of  a  urethral  speculum  and  a  head  light.  In  some  instances 
it  may  be  possible  to  introduce  forceps  directly  through  this  opening  and  re- 
move a  foreign  body.  A  high  tracheotomy  may  also  be  done  for  the  removal 
of  growths  from  the  trachea,  such  as  fibromata  or  fibrosarcomata,  or  in  the 
other  direction  for  growths  of  the  larynx.  Some  authorities  recommend  that 
it  be  done  as  a  preliminary  procedure  before  partial  or  complete  laryngectomy 
for  cancer.  It  is  also  done  as  a  therapeutic  measure  to  place  the  vocal  cords  at 
rest  when  they  are  the  seat  of  papillomata. 

Indications  for  Low  Tracheotomy. — Low  tracheotomy,  that  is,  below  the 
isthmus  of  the  thyroid  gland,  is  indicated  in  obstructions  of  the  glottis  in  adults 
and  is  placed  low  in  order  to  avoid  the  thyroid  isthmus,  which  in  some  cases 
is  more  prominent  and  liable  to  cause  embarrassment  from  hemorrhage  during 
the  procedure.  This  also  is  done  as  an  aid  to  the  inspection  of  the  interior  of 
the  air  passages.  Either  a  high  or  low  tracheotomy  may  be  done  to  aid  in  the 
expulsion  of  a  foreign  body  by  coughing.  Low  tracheotomy  is  the  preferable 
procedure  for  tracheotomy  which  precedes  total  laryngectomy,  as  it  allows  of 
better  separation  from  the  laryngeal  wound.  There  are,  however,  certain  pre- 
cautions to  be  taken  in  doing  it.  One  must  be  careful  not  to  wound  vessels 
which  may  be  aberrant  or  enlarged.  The  thyroidea  ima  may  be  in  the  way. 
The  innominate  artery  may  be  encountered  as  high  as  the  seventh  ring.  The 
inferior  thyroid  veins  are  larger  and  the  trachea  is  more  motile  at  this  point. 
There  is  greater  danger  of  infection  of  the  mediastinum  from  the  propinquity 
of  the  negative  pressure  in  the  chest  cavity,  and  the  thymus  gland  may  be  en- 
countered in  young  subjects.  ( J.  Wood,  39.) 

Indications  for  Tracheotomy  in  Diphtheria. — At  the  present  time  the  pro- 
portion of  recoveries  after  tracheotomy  in  diphtheria  is  about  63  per  cent.  (4). 
In  this  disease  dyspnea  is  the  cardinal  indication  for  the  operation.  Some 
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authorities  go  to  great  length-  i«>  de-cribe  the  different  forms  of  dyspnea,  the 
presence  or  absence  of  particular  type-  "'  uhi<-li  will  aflect  the  prognosis,  should 
tracheotomy  !><•  done.  Tin-  operator  must  he  guided  by  hi-  jM-r-onal  judgment 
and  his  appreciat  ion  of  the  pby>i«il«.^y  <d'  the  re-pi ratorv  mechanism.  Natu- 
rally, when  the  patient,  be  it  a  child,  is  suffering  From  an  urirent  dyspnea  and 
the  luniks  appear  clear  and  resonant,  one  inimediately  thinks  of  I  :1  ob- 

st  met  ion  and  of  a  t  racheotomy.  If,  <»n  the  other  hand,  the  patient  is  pale  or 
"livid"  and  on  listening  t..  the  chest  there  are  well-marked  -i^n-  <•!'  pulmonary 
congestion,  not  to  say  edema,  one  must  necessarily  think  of  terminal  exhaustion 
caused  by  too  long  delay  in  interference,  and  9k  this  point  tracheotomy  will  do 
very  little,  if  any,  good.  It  is,  therefore,  a  better  rule,  if  one  is  not  prepared 
to  do  an  intubation  or  is  unfamiliar  with  that  procedure,  to  do  a  tracheotomy 
early  in  the  onset  of  the  dyspnea  rather  than  to  delay  until  exhaustion  has 
commenced  because  of  waiting  for  a  fine  distinction  to  be  observed  between  the 
forms  of  dyspnea. 

General  Considerations. — Before  proceeding  to  the  operation,  a  few  words  of 
caution  are  in  order  and  a  few  general  points  may  be  laid  down  : 

First,  there  should  be  an  ample  incision  in  the  skin  in  order  to  avoid  the 
subcutaneous  emphysema  which  may  otherwise  occur,  and  to  give  better  access 
to  the  immediate  field  of  operation. 

Second,  the  operator  should  keep  accurately  in  the  middle  line,  for  going 
to  one  side  or  the  other  may  result  in  failure  to  open  the  trachea  properly  and 
may  greatly  increase  the  hemorrhage. 

Third,  the  trachea  should  be  steadied  by  an  assistant  if  present,  and  if  not, 
by  the  left  hand  of  the  operator,  when  it  is  being  cut  down  upon. 

Fourth,  hemorrhage  should  be  avoided  as  much  as  possible  and  all  active 
bleeding  stopped  before  opening  the  trachea,  as  a  small  amount  of  blood  coupled 
with  the  mucous  secretion  of  the  trachea  may  act  as  a  movable  diaphragm  in 
the  lumen  of  the  windpipe,  which  prevents  the  interchange  of  tidal  air  and 
drowns  the  patient. 

Fifth,  one  must  be  sure  that  the  tracheal  fascia  is  properly  cut  and  that 
the  cannula  is  inserted  fairly  and  squarely. 

Sixth,  if  the  breathing  be  not  improved  at  once  upon  opening  the  trachea, 
the  trachea  should  be  aspirated  with  a  suction  apparatus,  or  swabbed  out  with 
a  feather,  or  both. 

Technic. — The  incision  for  tracheotomy  extends  from  above  the  cricoid 
cartilage  in  the  median  line  in  a  longitudinal  direction  for  I1/*!  in.,  with  its 
middle  over  the  first  tracheal  ring.  The  sternohyoid  and  sternothyroid  muscles 
are  retracted  from  the  median  line,  and  the  isthmus  of  the  thyroid  is  pushed 
downward  and  all  bleeding  vessels  are  caught  and  ligated.  The  trachea  is  then 
opened  either  by  cutting  transversely  across  the  front  of  the  trachea  between  tho- 
first  and  second  tracheal  rings,  or  by  cutting  longitudinally  through  the  first 
and  second  rings.  A  specially  desiirned  forceps  has  been  made  to  slip  in  at  this 
juncture  and  hold  the  tracheal  edges  from  being  pushed  backward  when  the 
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tube  is  inserted;  an  ordinary  hemostat  introduced  and  opened  will  serve  the 
same  purpose. 

Care  must  be  exercised  in  making  the  proper  selection  of  the  size  of  the 
tube.  Foulis  of  Glasgow  (16)  had  a  set  of  5  different  sizes  to  fit  any  given 
case  from  birth  onward,  which  he  could  select  at  a  moment's  notice.  There  is 
also  a  choice  of  material  to  be  used.  Some  prefer  a  curved  soft  rubber  tube 
which  just  fills  the  opening;  others  prefer  a  double  silver  tracheal  tube  which 
permits  of  the  removal  of  the  inner  tube  for  cleansing ;  and  others  use  a  hard 
rubber  tube.  When  the  tube  is  well  in  place,  it  should  be  secured  by  a  tape 
which  goes  around  the  neck  to  keep  it  from  coming  out.  If  a  hard  rubber  tube 
is  used,  care  must  be  taken  to  see  that  there  is  no  danger  of  it  falling  into  the 
trachea,  that  is,  it  should  be  obtained  from  a  reliable  firm  with  this  danger  in 
mind.  This  accident  has  been  reported  and  is  a  very  awkward  complication  of 
this  operation.  All  tubes  should  be  inspected  and  it  should  be  made  sure  that 
they  are  well  made  before  they  are  used. 

When  once  the  tube  is  in  place,  a  gauze  dressing  is  kept  around  it  to  pre- 
vent, as  much  as  possible,  infection  from  the  outside.  This  should  be  changed 
at  least  twice  a  day.  When  the  tube  becomes  filled  with  mucus,  it  must  be 
cleaned  by  removing  it  and  boiling  for  a  few  moments,  if  the  material  permits, 
and  if  there  is  much  rattling  and  a  tendency  to  cyanosis  from  obstruction  to  the 
trachea  from  secretions,  the  tube  and  trachea  must  be  swabbed  with  a  clean 
feather.  This  is  as  safe  to  use  as  anything,  as  there  is  little  danger  of  particles 
becoming  detached  and  causing  irritation  in  the  trachea.  It  is  also  well  to  have 
some  form  of  mechanical  suction  present,  wThich  may  be  exerted  by  means  of 
a  small  flexible  catheter  through  the  tracheal  tube.  This  may  be  the  means  of 
preventing  the  patient  from  drowning  in  his  own  secretions  (Chevalier  Jack- 
son, 27). 

Complications. — Complications  arising  in  the  course  of  tracheotomy  are: 
(a)  Inhalation  of  blood  and  discharges  from  the  wound,  causing  bronchopneu- 
monia,  tracheobronchitis,  and  ordinary  tracheitis;  (b)  decubitus  of  the  trachea 
from  pressure  of  the  end  of  the  tube  on  the  back  of  the  trachea!  wall ;  (c)  de- 
tachment of  the  tube,  which  then  falls  into  the  trachea  and  becomes  a  foreign 
body  and,  as  such,  must  be  dealt  with  according  to  the  treatment  of  foreign 
bodies.  This  last  causes  an  alarming  condition,  often  putting  the  patient  to  the 
verge  of  suffocation.  Should  it  occur,  the  first  expedient  is  to  invert  the  pa- 
tient, rapping  him  sharply  on  the  back,  retracting  with  a  thread  around  the 
neck  the  edges  of  the  tracheal  wound,  and  losing  no  time  in  securing  a  pair  of 
forceps  with  which  to  seek  the  foreign  body  at  the  earliest  possible  moment. 

When  a  tracheotomy  has  been  done  for  papilloma  of  the  larynx,  it  is  often 
the  case  that  a  mass  of  papillomatous  tissue  springs  up  about  the  tube.  This 
should  be  cut  down  and  burned  with  a  caustic  from  time  to  time  to  prevent 
clogging  of  the  opening  of  the  tube. 

After-treatment. — In  the  after-treatment  of  tracheotomy,  as  in  all  opera- 
tions for  opening  the  air  passages,  the  attending  physician  must  strive  to  avert 
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the  common  complication  of  pneumonia.  To  avoid  this,  attention  must  be  paid 
to  the  secretions  from  the  \\-oiin. I,  keeping  the  external  wound  clean  and  dressed 
twice  ;i  day.  or  oftener.  with  010101  dressings:  keeping  the  trachea  free  from 
the  viscid  secretions  which  tend  to  accumulate  ami  which  cause  a  rattling  and 
<•< nidi i MILT.  When  these  secretions  arc  present  and  cause  embarrassment,  the 
inner  tube  of  tin;  cannuhi,  if  it  be  made  after  this  pattern,  must  be  taken  out 
and  cleansed,  and  a  feather  swabbed  down  the  trachea  until  the  breathing  is 
free  and  the  patient  is  at  ease  a»ain. 

Aside  from  the  special  treatment  of  the  wound,  the  general  condition  of 
the  patient  urns!  be  looked  after.  He  must  be  kept  comfortable  and  fairly 
warm  by  means  of  bed  clothing,  but  the  temperature  of  the  room  should  not  be 
above  70°  F.  If  there  is  a  tendency  for  the  secretions  to  dry  around  the  tube, 
ihe  addition  of  some  moisture  to  the  inspired  air  will  prevent  this.  Inhalations 
of  steam  from  a  pint  of  boiling  water  upon  which  has  been  poured  a  teaspoonful 
of  compound  tincture  of  benzoin  may  be  utilized,  but  it  seems  better  to  keep  the 
patient  comfortable  rather  than  to  place  him  under  a  tent  in  which  a  steamy 
atmosphere  is  continually  maintained,  as  is  frequently  recommended.  The 
patient's  nutrition  must  be  kept  up  and  one  of  the  means  indicated  may  be 
feeding  with  the  catheter  through  the  nose. 

In  acute  cases  after  the  fifth  day,  one  must  think  of  removing  the  tube. 
The  time  for  this  is  governed  by  the  amount  of  secretions  present.  If  the 
tendency  to  excessive  secretion  has  ceased,  then  the  tube  may  be  removed. 
This  will  be  found  generally  to  be  from  the  fifth  to  the  tenth  day.  Cases  that 
have  been  a  long  time  coming  to  tracheotomy  will  have  to  be  dealt  with  more 
slowly,  depending  upon  the  progress  of  the  condition  for  which  the  operation 
was  performed. 

ABLATION  OF  THE  TRACHEA 

Glnck  (  is)  has  practiced  ablation  of  the  trachea  for  primary  carcinoma. 
Tumors  of  the  traehea,  both  benign  and  malignant,  are,  however,  extremely 
rare,  according  to  von  Brims  (6),  the  proportion  being  1  tracheal  tumor  to  100 
laryngeal  tumors  (Saner,  35). 


BRONCHOTOMY  THROUGH  THE  POSTERIOR  MEDIASTINUM 

Indications. — This  procedure  should  be  attempted  only  after  a  foreign 
body  has  been  located,  either  by  the  X-rays  if  it  is  opaque  to  them,  or  with  a 
certain  degree  of  accuracy  by  means  of  a  tracheobronchoscopy.  If  the  object  is 
not  seen  by  the  bronchoscopy,  at  least  it  may  be  possible  to  detect  pus  coming 
from  one  or  the  other  bronchus,  indicating  that  it  is  near  the  site  of  the  foreign 
body. 

The  indications  for  broiicliotomy  through  the  posterior  mediastinum  are 
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foreign  bodies  impacted  in  the  bronchus,  or  of  long  standing,  which  cannot 
be  removed  by  means  of  an  upper  bronchoscopy  or  by  a  bronchoscopy  through 
a  low  tracheotomy.  (The  suggestion  has  been  made  that  this  form  of  bron- 
chotomy  may  be  utilized  to  prolong  life  in  cases  of  growths  which  slowly  ob- 
literate the  trachea.  The  opening  is  made  into  the  bronchus  and  a  long  jointed 
tube  is  passed  in  to  establish  an  air  passage.  It  would  seem  of  doubtful  utility.) 

Bronchotomy  through  the  posterior  mediastinum  may  be  performed  for  en- 
tering the  right  main  bronchus  or  for  the  left  one.  The  procedure  differs 
slightly  on  the  2  sides. 

The  procedure  here  described  follows  the  method  of  Anselm  Schwartz,  with 
some  minor  modifications. 

Technic. — EIGHT  POSTEEIOE  BEONCHOTOMY. — With  the  patient  lying 
on  the  side  on  which  the  operation  is  to  be  done,  and  the  corresponding  arm 


FIG.  8.— POSTERIOR  BRONCHOTOMY.  INCISION  AND  FLAP.  The  third,  fourth,  fifth  and  sixth  ribs 
are  exposed  posteriorly.  The  edge  of  the  flap  goes  well  past  the  median  line.  (From  original  dis- 
sections:) 

hanging  over  the  edge  of  the  table  to  retract  the  scapula,  a  curved  incision  is 
made  over  the  3rd,  4th,  5th,  and  6th  ribs,  making  a  flap  with  the  base  toward 
the  axillary  line.  The  convexity  of  the  flap  should  pass  slightly  beyond  the 
spinous  processes  of  the  vertebrae.  The  skin,  fascia,  and  muscles  are  included 
in  this  flap  right  down  to  the  transverse  processes  of  the  vertebrae  and  the  ribs. 
The  erector  spinse  muscle  is  separated  from  the  vertebras  and  drawn  outward. 
When  the  outer  border  of  this  muscle  is  reached,  the  ribs  are  denuded  more 
easily.  With  rib-cutting  shears,  the  3rd,  4th,  5th,  and  6th  ribs  are  divided 
near  their  attachment  to  the  vertebras.  The  muscles  and  ribs  are  then  sep- 
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arated  from  the  nerves  and  intercostal  vessels,  \\hich  lie  at  this  juncture,  about 
1  cm.  anteriorly.  These  can  easily  be  saved,  if  one  so  desires,  by  stripping  the 
ribs  from  them  outward.  A  portion  of  the  ribs  and  intervening  intercostal* 
are  then  removed  for  a  space  of  about  5  to  7  cm.  from  above  downward.  They 
are  not  replaced.  (This  met) KM!  "ives  a  better  field  of  operation  in  the  depth 


FIG.  9. — POSTERIOR  BRONCHOTOMY.  THE  PLEURA  is  HERE  SHOWN  DRAWN  OUTWARD  WITH  A  RB- 
TRACTOR.  The  azygos  vein  is  here  seen  crossing  posteriorly  to  the  esophagus.  The  vagus  nerve 
lies  on  the  esophagus.  (From  original  dissections.) 

of  the  chest.)  With  the  fingers  pressing  toward  the  vertebral  column,  the 
parietal  pleura  is  stripped  from  the  vertebral  column  upward  and  downward 
and  forward  until  the  esophagus  is  in  plain  sight.  In  about  the  middle  of  the 
wound  the  azygos  vein  is  seen  crossing  the  esophagus.  The  lung  and  parietal 
pleura  are  now  retracted  outward  so  that  the  azygos  vein  is  well  exposed.  The 
vagus  nerve  will  be  seen  lying  on  the  esophagus,  running  in  the  same  direction 
as  it.  The  small  bronchial  artery  lies  about  2  cm.  below  the  azygos  vein. 
With  the  index  finger  and  at  a  depth  of  7  cm.  in  an  adult,  will  be  felt  the 
posterior  extremities  of  the  rings  of  the  right  bronchus,  in  the  space  bounded 
above  by  the  azygos  vein,  below  by  the  small  bronchial  artery,  to  the  left  by 
the  esophagus  and  to  the  right  by  the  lung.  This  may  then  be  grasped  by  a 
tenaculum  or  volsellum  forceps  and  opened  with  a  sharp  scissors  in  the  direc- 
tion of  the  axis  of  the  bronchus.  A  search  may  then  be  made  for  the  foreign 
body  with  forceps  introduced  into  the  bronchus.  If  a  peribronchial  abscess 
exists,  drainage  may  be  established  by  means  of  a  very  soft  tube  in  this 
locality. 
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LEFT  POSTERIOR  BRONCHOTOMY. — The  same  number  of  ribs  is  exposed 
by  a  similar  flap,  the  parietal  pleura  is  separated  upward,  downward,  and  for- 
ward to  the  vertebrae  in  the  same  manner  as  on  the  right  side,  but  here  the 
first  large  structure  to  be  encountered  is  the  aorta.  Following  this  up,  the  arch 
will  be  found  going  forward  to  reach  the  anterior  mediastinum.  Under  the 


FIG.  10. — POSTERIOK  BBONJHOTOMY.  RIGHT  MAIN  BRONCHUS  HERE  LIES  EXPOSED  AND  OPENED. 
Above  it  is  the  azygos  vein;  below  it  is  the  small  bronchial  artery.  It  lies  at  a  depth  of  seven 
centimeters  from  the  surface  and  is  at  first  most  readily  recognized  by  touch.  (From  original 
dissections.) 

arch  will  be  felt  the  left  bronchus  at  the  same  distance  from  the  surface  of  the 
ribs  and  by  the  same  means  of  touch.  The  method  of  opening  is  the  same  as 
on  the  opposite  side.  If  the  bronchus  has  been  opened,  it  is  better  to  close  the 
wound  with  drainage  on  account  of  the  probability  of  suppuration  accompany- 
ing the  presence  of  the  foreign  body  for  any  length  of  time  in  the  lung. 

Bronchotomy  Through  the  Right  or  Left  Chest  Wall. — This  is  a  very  dif- 
ferent procedure  from  a  bronchotomy  through  the  posterior  mediastinum  and 
involves  entering  or  passing  through  the  pleural  space.  The  indications  for 
bronchotomy  through  a  thoracotomy  wound  are:  a  foreign  body  which  cannot 
be  reached  in  any  other  way,  and  the  presence  of  a  bronchiectasis.  In  either 
of  these  conditions  one  may  encounter,  on  opening  the  thoracic  cavity,  ad- 
hesions between  the  lung  and  the  pleura,  or  the  field  may  only  be  partially 
guarded  by  adhesions.  If  the  foreign  body  is  of  only  recent  lodgment,  there 
will  be  no  adhesions  from  it. 

Differential  pressure  may  or  may  not  be  employed,  depending  largely  upon 
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the  age  of  the  patient,  upon  the  length  of  time  tin-  inn-inn  body  has  L.-cn  pre-ent, 
causing  a  local  reaction  or  adhesions,  and  up«,n  the  familiarity  .,!'  th<    >urgeon 


FIG.  11. — LEFT  POSTERIOR  BRONCHOTOMY.  In  this  cut  the  intercostal  nerv«-  and  vessels  have 
been  preserved.  The  left  main  bronchus  is  seen  lying  anteriorly  to  the  aorta  and  below  the  pul- 
monary vessel.  (From  original  dissections.) 

with  it.  My  own  preference  would  be  to  use  the  intratracheal  method  of  dif- 
ferential pressure,  especially  when  children  are  being  operated  upon, 
child  will  bear  the  opening  of  one  pleura  with  less  freedom  from  respiratory 
embarrassment  than  will  an  adult,  owing  to  the  greater  motility  of  the  medias- 
tinal  structures.  The  intratracheal  method  of  anesthesia  largely  puts  at  rest 
the  movement  of  respiration  and  insures  for  the  operator  a  more  quiet  field 
than  would  otherwise  be  encountered.  The  advice  of  some  surgeons  is  to 
attack  the  larger  bronchi  directly  if  the  foreign  body  is  to  be  removed,  using 
much  the  same  method  of  procedure  as  in  the  removal  of  stone  from  the 
pelvis  of  the  kidney  through  the  wall  of  the  pelvis  of  the  kidney.  My  own 
preference,  however,  is  to  pass  through  the  lung  tissue  to  the  bronchus,  pro- 
vided the  body  is  as  deep  as  the  secondary  bronchi,  and  extract  it  through 
the  lung,  in  much  the  same  way  as  a  kidney  stone  is  removed  by  splitting  the 
kidney,  a  procedure  advocated  in  the  earlier  days  of  kidney  surgery.  The 
hemorrhage  which  may  result  from  this  can  be  controlled  by  packing,  or,  if  the 
operation  proves  to  be  free  from  visible  pus,  by  a  series  of  buried  purse-string 
sutures  of  catgut,  closing  the  visceral  pleura  with  continuous  stitching  much  a- 
any  wound  is  closed  by  a  continuous  stitch,  which  is  also  partly  a  retention 
stitch.  Or  the  lung  over  the  bronchus  may  be  dealt  with  as  suggested  in  my 
report  of  some  laboratory  experiments  in  1906  (20).  The  chest  should  then 
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be  closed  tightly  and  the  patient  watched  carefully  for  development  of  any 
fluid  in  the  chest,  which,  if  not  purulent,  will  be  absorbed. 

The  site  of  the  thoracic  incision  should  be  determined  by  the  physical  signs 
and  by  the  position  of  the  foreign  body,  if  opaque,  as  shown  by  the  X-rays. 
The  incision  taking  out  the  sixth  rib  allows  access  to  the  lower  part  of  the  chest, 
and  the  one  taking  out  the  fourth  rib  will  allow  access  to  the  bifurcation  of  the 
trachea  and  to  the  primary  and  secondary  bronchi  on  the  side  in  which  the  in- 
cision is  made.  If  the  operation  is  being  done  under  differential  pressure,  the 
pressure  can  be  momentarily  discontinued  while  the  lung  on  the  side  in  question 
is  allowed  to  collapse,  and  the  palpation  of  the  root  of  the  lung  is  carefully  done. 

In  bronchotomy  for  lung  abscess  or  bronchiectasis,  one  is  dealing  with  quite 
a  different  entity  and  the  method  of  operative  procedure  must  be  modified  to 
meet  the  conditions  of  suppuration  which  are  present  from  the  start.  This 
holds  true  also  if  the  abscess  surrounds  a  foreign  body.  In  these  unclean  con- 
ditions the  favorable  outcome  of  the  operation  is  materially  aided  by  the 
presence  of  adhesions.  If  on  opening  the  chest  wall,  these  are  found  to  be 
present,  one  can  proceed  cautiously  by  a  blunt  dissection  in  the  direction  of  the 
depth  of  the  lung.  If,  however,  these  adhesions  are  not  present,  it  is  wiser  to 
do  a  two-stage  operation.  At  the  first  sitting  explore  the  lung  by  palpation  and 
afterward  produce  adhesions  between  the  visceral  and  parietal  pleura  by  the 
application  of  some  irritant  chemical,  such  as  Lugol's  solution  (Sauerbruch), 
to  the  visceral  pleura,  and  stitch  the  visceral  to  the  parietal,  allowing  the 
wound  to  close  for  the  time  being.  After  10  or  12  days,  the  lung  may  again  be 
gone  through  by  means  of  blunt  dissection  until  the  bronchiectasis  is  reached 
and  can  be  drained.  In  this  class  of  cases  the  rigidity  of  the  chest  wall  should 
be  overcome  by  removal  of  a  number  of  ribs  at  this  sitting  or  at  a  subsequent 
one  to  allow  the  lung  and  its  contained  cavity  to  collapse. 

The  after-treatment  of  this  condition  is  to  keep  the  tract  open  and  allow  the 
secretions  to  escape  until  the  discharge  becomes  less  profuse,  and  then  to 
cautiously  inject  into  this  bronchial  fistula  a  paste  made  of  vaselin  and  iodo- 
form,  from  10  to  30  per  cent.,  at  intervals,  depending  upon  the  condition  and 
progress  of  the  patient. 

The  complications  may  be  empyema  and  pneumonia,  which  must  be  met  ac- 
cording to  indications,  as  in  uncomplicated  cases. 


INTUBATION 

Indications. — The  chief  indication  for  intubation  and  the  one  which  is  fore- 
most in  the  minds  of  the  medical  profession  is  obstruction  to  breathing  caused 
by  laryngeal  diphtheria.  When  a  diagnosis  of  diphtheria  is  established  and  the 
patient  begins  to  show  signs  of  increasing  obstruction  to  the  free  ingress  of  air, 
as  shown  by  increased  stridor  and  an  anxious  expression,  with  an  increasing 
cyanosis  of  the  skin,  the  time  has  come  for  intubation.  In  croupous  laryngitis 
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without  demonstration  of  the  Klebs-Loffler  bacillus,  it  may  also  be  necessary, 
in  order  to  avoid  suffocation,  to  insert  an  intubation  caiinula.  Secondary  stric- 
tures of  the  larynx  may  necessitate  one  form  or  another  of  intubation,  but  these 
>ln  MI  hi  In-  more  satisfactorily  dealt  with  under  the  complications  of  the  diseases 
of  which  they  are  an  accompaniment 

Technic. — As  this  is  most  frequently  done  in  children,  it  should  be  de- 
scribed as  being  done  upon  a  child.  The  instrument!  required  are  a  set  of 
O'Dwyer  intubation  cannnhr,  with  the  introducer  and  remover.  No  anesthetic  N 
used,  as  the  patient  is  already  sull'erini:  from  extreme  dyspnea.  The  services  of  a 
strong  and  intelligent  nurse  are  indispensable,  as  success  depends  upon  the 
proper  holding  of  the  child  and  the  quickness  with  which  the  procedure  can  be 
performed.  The  position  of  the  patient  is  as  follows :  The  nurse  holds  the  child's 
feet  between  her  knees,  keeping  its  body  upright  with  one  hand  holding  the  head 
against  her  left  shoulder  and  the  other  hand  holding  the  2  hands  of  the  patient 
The  body  should  be  anatomically  straight  up  and  down.  As  the  patient  is  thus 
held,  the  operator  sits  on  a  stool  facing  the  child  and  with  the  instrument  fitted 
with  a  properly  selected  cannula  in  his  right  hand,  he  passes  his  left  forefinger. 
protected  by  a  bandage  to  prevent  its  being  bitten,  down  to  the  child's  epiglottis, 
which  he  then  hooks  forward.  The  instrument  is  then  passed  along  the  side  of 
the  left  forefinger  until  the  cannula  is  felt  to  rest  upon  the  top  of  the  larynx. 
There  is  a  moment's  pause  and  at  a  sudden  inspiratory  effort  on  the  part  of  the 
child,  the  cannula  is  slipped  into  the  glottis  and  the  carrier  released  and  with- 
drawn. The  string  which  has  been  previously  placed  in  the  cannula  is  not 
withdrawn.  It  causes  but  little  annoyance  and  is  the  means  of  safeguarding 
against  the  loss  of  the  tube  and  also  acts  as  a  great  aid  in  withdrawing  the  tube 
when  the  time  has  come  to  remove  it. 

The  question  will  immediately  arise  whether  the  tube  is  in  the  right  place 
or  not.  A  very  frequent  accident  is  to  place  it  in  the  esophagus,  where  it  will 
do  no  good,  but  where  it  will  do  little  harm  for  the  moment.  By  introducing 
the  finger  after  the  cannula  has  been  slipped  off  the  holder,  one  can  feel  the 
position  of  the  upper  end.  If  the  posterior  part  of  the  larynx  can  be  felt  be- 
hind the  tube,  the  tube  is  in  place.  If  this  cannot  be  felt,  the  tube  should  be 
withdrawn  and  an  attempt  made  to  introduce  it  again.  Naturally,  too  long  and 
continued  effort  should  not  be  indulged  in.  If  it  is  impossible  to  introduce  the 
cannula  within  a  reasonably  short  time,  Goodall  (19)  recommends  that  after 
3  attempts  at  intubation  without  success,  all  further  attempts  should  be  aban- 
doned and  a  tracheotomy  should  be  resorted  to  at  once. 

Removal  of  the  Cannula. — The  average  intubation,  according  to  Rosenthal 
(34)  is  120  hours.  Rosenthal  states  that  the  cause  of  prolonged  intubation 
most  frequently  is  paralysis  of  the  vocal  cords,  not  that  intubation  causes 
paralysis.  In  the  discussion  of  the  same  article,  Dr.  "B.  "R.  Shirley,  of  Detroit, 
states  that  in  2G1  intubations  performed  in  diphtheria  in  the  5  years  prior  to 
March,  1902,  he  had  only  8  cases  where  the  tube  was  retained  longer  than  his 
customary  4  days — in  other  words,  only  8  cases  where  it  was  necessary  to 
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intubate  again  after  the  tube  had  once  been  removed.  (From  this,  it  is  also 
clear  that  the  O'Dwyer  cannula  as  used  in  diphtheria  produces  no  paralysis, 
even  after  4  days  in  the  larynx — Green,  20.) 


BRONCHOSCOPY 

The  use  of  the  bronchoscope  is  but  one  division  of  endoscopic  work  that  has 
been  developed  generally  in  the  last  few  years.  One  who  is  familiar  with  the 
use  of  the  esophagoscope  will  naturally  be  able  to  do  a  bronchoscopy  with 
greater  facility  and  one  who  is  accustomed  to  urethroscopies  and  cystoscopies 
will  naturally  fall  more  easily  into  the  way  of  doing  a  bronchoscopy  than  one 
who  has  never  attempted  anything  of  this  nature.  Bronchoscopy  is  harder  to 
master  than  esophagoscopy  and  far  harder  than  cystoscopy,  on  account  of  the 
difference  of  the  image  presented.  The  tax  upon  the  patient  is  severe.  Upon 
the  examiner  it  is  also  great  in  the  matter  of  patience  and  manual  dexterity; 
and  it  calls  for  great  resourcefulness.  By  virtue  of  the  difficulties  that  must 
be  overcome  it  will  not  become  a  procedure  to  be  placed  in  the  hands  of  every 
surgeon,  but  a  general  description  of  this  special  branch  of  work  is  not  out  of 
place  in  a  book  of  this  nature. 

Instruments. — The  bronchoscope  should  be  strong,  in  order  to  stand  lateral 
strain  in  displacing  the  trachea,  and  simple  in  construction.  It  must  have  an 
adequate  lighting  system  and  tubes  of  different  caliber.  (A  tube  of  7  mm. 
outside  diameter  is  about  as  small  as  can  be  used  with  satisfaction.)  Most 
instruments  have  extensible  tubes,  which  may  be  made  longer  by  pushing  them 
into  the  trachea  by  means  of  a  spring  or  other  device.  The  question  of  lighting 
is  exceedingly  important.  A  light  thrown  from  the  outside,  either  directly  or 
indirectly  by  means  of  prisms  and  a  mirror,  has  met  with  the  greatest  favor. 

One  should  familiarize  himself  with  the  necessary  apparatus  and  instru- 
ments before  undertaking  to  use  them,  as,  unfortunately,  the  instruments  are 
more  complicated  than  those  for  the  ordinary  procedures  in  surgery,  and  failure 
may  occur  by  the  failure  to  properly  control  the  electric  current. 

In  the  instrumentarium  are  also  included  forceps  of  various  shapes  for 
various  purposes — hooks,  applicators,  long  sponge  holders,  etc.  For  a  list  of 
instruments  one  should  possess  before  undertaking  bronchoscopy,  I  will  men- 
tion the  following : 

A  bronchoscope ,  with  two  sizes  of  tubes  and  preferably  outside  illumina- 
tion and  electric  control  for  attachment  to  the  street  current  or  a  small  dry 
battery  with  a  controller  attached  to  it.  The  latter  is  preferable,  as  it  will 
avoid  any  shock  from  grounding  of  the  current.  (Mikulicz  had  a  tube  black- 
ened on  the  inside.  The  apparatus  of  Killian  is  generally  considered  the 
standard  instrument.  Briinings  has  devised  a  very  excellent  bronchoscope 
embodying  some  of  the  principles  of  the  endoscope  of  Kasper.  J.  Guisez  (21) 
has  devised  an  excellent  headlight  for  use  with  the  bronchoscopic  tube.  Lewi- 
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sohn  has  devised  on  a  different  principle  a  very  ini^-niuM.-  in.-tniment,  and  one 
lias  heen  brouiiht  out  by  me.) 

A  pair  of  long  fon-cps  especially  designed  t«.  work   through  the  bron<-h<> 
senpo  tube. 

A  lung  Auction  tube. 

A  suitable  MO.S&  on 
which  to  drop  ether  for  the 
continued  anesthetization 
of  the  patient  when  the 
bronchoscope  tube  is  in 
place. 

A  curved  applicator  for 
the  cocainization  of  the 
pharynx  and  larynx. 

A  long,  straight  .appli- 
cator for  cocainizing  fur- 
ther down  the  trachea. 

A  direct  vision  laryngo- 
scope with  a  slide  in  the 
side  of  it  to  enable  its  being 
removed  from  over  the 
bronchoscope  tube.  ( The 
bronchoscopic  tube  is  intro- 
duced through  it.) 

Extra  lights  for  illu- 
mination, as  it  is  very  im- 
portant not  to  have  to  delay 
or  to  repeat  the  process. 

A  strong  wooden  chair 
with  the  legs  sawn  off,  for 
the  patient  to  sit  in  when 
a  local  anesthetic  is  used; 
and  a  table  with  a  special 
head  holder  for  general 
anesthesia. 

A  small  electromagnet  for  introduction  into  the  trachea  in  case  the  foreign 
body  may  be  of  iron  or  steel. 

Other  instruments  may  be  accumulated  or  made  as  occasion  demands. 

Before  performing  either  an  upper  or  a  lower  bronchoscopy  upon  a  living 
patient  it  is  well  to  do  some  preliminary  work  on  a  cadaver  or  on  dogs,  or  on  a 
phantom  tracheal  and  bronchial  tree. 

Technic. — LOWER  BRONCHOSCOPY. — The  procedure  is  best  attempted  after 
preliminary  practice  upon  a  patient  who  has  had  a  tracheotomy  performed 
(l)runings  and  Howarth,  5).  Examination  through  this  opening  will  con- 


FIG.  12. — BRtfNiNos'  BRONCHOSCOPE.     Special  forceps  passed 
through  the  tube. 
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stitute  what  is  known  as  a  lower  bronchoscopy.  If  this  tracheotomy  wound  is 
recent,  it  is  well  to  have  the  patient  lying  down.  If  it  is  an  old  wound,  the 
patient  may  very  well  sit  up  and  the  bronchoscopy  will  be  much  facilitated  by 
this  posture.  The  examiner  should  familiarize  himself  by  this  means  with  the 

lower  part  of  the  trachea,  and  with  the 
bifurcation  and  the  right  and  left 
bronchus.  By  suitably  displacing  the 
trachea  the  tube  can  be  entered  into 
one  or  the  other  bronchus  and  the 
branching  of  the  bronchi  may  be  seen. 
(Before  doing  this  examination,  it  is 
well  to  study  the  scheme  of  the  bronchi 
going  to  the  different  lobes,  in  order 
that  one  may  have  a  systematic  idea  of 
the  steps  to  be  taken  in  searching  the 
bronchi  from  above  downward  on  each 
side.)  The  right  bronchus  is  the  one 
to  be  first  inspected,  as  into  it  fall  most 
of  the  foreign  bodies.  The  opening  of 
the  right  upper  lobe  bronchus  may  be 
seen  in  passing  the  tube  down  the  right 
bronchial  opening,  but  it  is  almost  im- 
possible to  inspect  the  upper  lobe  bron- 
chus with  any  satisfaction.  The  right 
middle  lobe  bronchus  and  the  right 
lower  lobe  bronchus  can  be  brought 
more  easily  into  view  and  inspected. 
They  can  be  seen  to  their  bifurcations. 
The  left  bronchus  is  inspected  by  with- 
drawing the  tube  and  passing  it  down 
the  left  bronchus  by  displacing  the  bi- 
furcation of  the  trachea  somewhat  to 
the  left  side.  In  this  case  there  are  the 
lower  lobe  bronchus  and  the  upper  lobe 
bronchus  to  be  inspected. 

Besides  utilizing  a  tracheotomized 
patient  to  start  on,  it  is  well  to  bear  in 
mind  that  in  any  case  we  may  be 
obliged  to  resort  to  a  lower  tracheobron- 

choscopy,  when  it  is  too  difficult  to  do  an  upper  tracheobronchoscopy,  or  if  one 
does  not  feel  satisfied  with  the  findings  through  the  upper  route.  It  is  by 
far  the  easier  procedure,  but  of  course  entails  the  necessity  of  a  tracheotomy 
wound. 

UPPEB  TRACHEOBKONCHOSCOPY. — We  now  come  to  upper  tracheobronchos- 


FIG.  13.  —  LONG  EXTENSIBLE  FORCEPS  FOR 
WORKING  THROUGH  BRONCHOSCOPE.  (Briin- 
ings.) 


BRONCHOSCOPI 


copy,  which  is  a  more  difficult  procedure.  In  this  case  the  patient,  if  a  child, 
is  anesthetized  at  the  time  and  in  the  same  room  where  the  attempt  at 
bronchoscopy  is  to  be  made.  The  examiner  should  be  in  the  room  ready  to 
pass  his  instruments  at  once  should  there  be  any  dyspnea  caused  by  the 
superimposition  of  the  an- 
esthesia. If  an  adult  is 
to  be  examined,  it  is  well 
to  attempt  at  first  to  anes- 
thetize the  pharynx  and 
larynx  with  a  10  per  cent, 
cocain  solution,  or  novo- 
cain  4  per  cent,  with  ad- 
renalin. (The  latter  takes 
about  .'JO  minutes  to  pro- 
duce working  anesthesia. 
I  have  had  good  success  in 
the  mucous  membranes  by  A- 

this  method,  notwith- 
standing the  unfavorable 
criticism  of  it  as  an  anes- 
thetic in  this  locality.) 
Twenty  minutes  should  be 
allowed  before  an  attempt 
is  made  to  pass  the  instru- 
ment. If  the  local  anes- 
thesia is  sufficient  and  the 
patient  conscious,  the  po- 
sition for  the  examination 
may  be  semi-upright  with 
the  body  inclined  forward 
and  the  head  extended, 
but  not  to  such  a  degree 
as  to  curve  the  cervical 

spine.  Or  the  patient  may  lie  on  his  left  side  with  the  knees  drawn  up  and  the 
head  extended  and  held  by  the  assistant  or  by  a  special  head-holder.  If  a  child 
and  unconscious,  the  patient  should  be  on  his  back  with  the  shoulders  at  the  end 
of  the  table,  so  that  the  head  may  be  well  thrown  back  and  the  neck  lifted  for- 
ward (Boyce's  position,  26). 

PASSING  OF  THE  INSTRUMENT. — All  instruments  should  be  sterilized  before 
commencing.  The  bronchoscope  should  be  lubricated  with  a  suitable  lubricant 
and  passed  by  direct  vision  into  the  pharynx,  at  first  nearly  at  right  angles  to 
the  axis  of  the  trachea,  encountering  first  the  anterior  wall  of  the  epiglottis; 
then  slipping  over  this  into  the  upper  part  of  the  pharynx,  the  distal  end  is 
directed  forward,  i.  e.,  the  handle  of  the  instrument  is  raised  toward  the.  head 


Fio.  14. — VARIOUS  TIPS  OR  END-PIECES  FOR  ATTACHMENT  TO 
FORCEPS.  A,  Bninings*  hollow  body  forceps;  B,  claw  for- 
ceps; C,  modified  Guisez  forceps;  D,  von  Eicken's  needle 
forceps;  E,  Killian's  bean  forceps;  F,  flat  body  forceps. 
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and  the  tube  assumes  more  nearly  the  direction  of  the  axis  of  the  trachea.  As 
the  arytenoids  are  approached,  one  will  see  them  move  and  perceive  the  rush  of 
air  with  its  characteristic  whistling  sound  against  the  end  of  the  tube.  By 
paying  attention  to  this  sound,  one  can  approach  with  ease  the  rima  glottidis 
and  pass  the  instrument  between  the  vocal  cords.  To  do  this,  when  the  ary- 
tenoids are  encountered,  the  instrument  should  be  withdrawn  until  the  glottis 
is  seen,  arid,  watching  for  a  favorable  moment,  it  should  be  slipped  through  the 
glottis  as  it  is  opened  with  an  inspiration.  The  wedge-shaped  tip  of  the  tube 
facilitates  its  passage  between  the  cords.  If  it  is  impossible  to  introduce  it  as 
described,  a  direct  vision  laryngoscope  should  be  used.  The  bronchoscope  can 
be  slipped  in  through  this  instrument  and  the  laryngoscope  withdrawn 
by  means  of  the  slot  cut  in  the  side.  (As  the  end  of  the  tube  comes  more 
nearly  over  the  chink  of  the  glottis,  more  air  is  encountered  rushing  through 
the  tube.  I,f  the  operator  is  wearing  spectacles,  the  eye  will  be  clouded  by 
steam  from  the  breath.  This  can  be  prevented  by  dipping  the  glass  of  the 
eye  used  in  a  weak  solution  of  liq.  cresol  comp.  U.  S.  P. — 10  gtt.  to  the 
ounce.) 

After  passing  the  glottis,  it  is  a  simple  procedure  to  go  down  to  the  bifurca- 
tion of  the  trachea  and  there  inspect  the  left  and  then  the  right  primary 
bronchus. 

On  entering  the  trachea,  one  sees  the  rings  appear.  If  the  tube  be  aimed  too 
far  ventrally,  the  anterior  wall  of  the  trachea  is  encountered  and  the  rings 
appear  to  run  straight  across  the  end  of  the  tube.  If  aimed  too  far  dorsally,  the 
posterior  smooth  wall  appears  to  bulge  into  the  field  of  vision.  When  it  is 
advanced  properly,  the  rings  of  the  trachea  should  appear  to  go  circularly 
around  the  field  of  vision.  By  turning  the  head  to  the  right  side  and  carefully 
advancing  the  tube,  one  can  go  down  the  left  bronchus  to  its  bifurcation  into 
the  secondary  bronchi.  Then  the  tube  is  withdrawn  and,  entered  on  the  other 
side,  it  is  passed  through  the  right  bronchus  and  to  the  secondary  bronchi.  It 
is  possible  now  to  explore  the  secondary  bronchi  to  their  bifurcations.  Cheva- 
lier Jackson  has  a  diagram  for  mapping  out  the  bronchi  on  either  side  so  that 
by  keeping  track  of  the  branchings  of  the  bronchi,  a  faithful  examination  of  the 
secondary  bronchi  may  be  made. 

REMOVAL  OF  FOREIGN  BODIES. — If  a  foreign  body  exists  in  the  trachea  or 
bronchus,  the  next  procedure  is  to  extract  it  with  the  aid  of  the  bronchoscope. 
This  procedure  is  much  more  difficult  than  merely  direct  inspection  of  the 
tract,  and  requires  forceps  of  various  shapes,  as  before  mentioned,  in  order  that, 
if  one  fails,  another  may  be  tried.  As  a  rule,  forceps  whose  jaws  close  and  open 
more  nearly  parallel  are  the  ones  to  be  used,  as  those  having  short  jaws  and 
closing  and  opening  at  a  wide  angle  tend  to  push  the  object  away  without 
grasping  it. 

General  Rules. — It  is  hardly  in  the  province  of  a  chapter  of  this  kind  to  go 
into  detail  on  this  subject,  as  proficiency  is  acquired  in  this,  as  in  other 
branches,  only  by  means  of  practice.  Very  many  special  instruments  are  re- 
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quired.  The  operator  is  continually  adding  new  ones  to  his  case  of  instru- 
ments. There  is  also  no  hard  and  fast  mode  of  procedure,  as  the  operators  in 
this  line  are  comparatively  few,  and  each  one  depends  largely  upon  his  own 
special  skill  and  judgment  for  developing  his  own  technic.  There  are,  how- 
ever, a  few  general  rules  that  may  be  laid  down  : 

First,  this  procedure  is  better  done  in  a  hospital  than  in  an  out-patient  de- 
partment or  in  one's  own  office.  Preparation  for  a  tracheotomy  should  be  made 
in  case  of  necessity  . 

Second,  one  should  have  at  least  two  competent  assistants  present. 

Third,  the  position  of  the  patient  is  very  important  and  must  be  maintained 
rigidly  while  the  examination  is  being  done,  as  any  slight  turn  of  the  head  by 
the  patient  may  cause  him  injury. 

Fourth,  the  apparatus  and  instruments  should  be  carefully  gone  over  im- 
mediately before  attempting  to  pass  the  bronchoscope.  This  includes  the 
pump,  rheostat,  electric  lamps,  forceps,  and,  in  short,  every  instrument  that  is 
to  be  used. 

Fifth,  the  procedure  is  best  done  in  a  darkened  room. 
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The  presence  of  a  foreign  body  in  any  of  the  upper  air  passages  is  an 
alarming  condition  and  requires  immediate  intervention.  The  point  of  lodg- 
ment of  the  body  is  generally  in  the  ventricle  of  the  larynx,  or,  if  it  passes  the 
larynx,  then  at  the  bifurcation  of  the  trachea  or  within  the  lumen  of  the  right 
bronchus  next  the  division  of  the  secondary  bronchi.  Cases  are  on  record 
where  a  metallic  object  has  remained  in  the  bronchus  for  a  number  of  months 
or  even  years  with  very  few  symptoms,  but  which  has  in  time  caused  symp- 
toms pointing  to  a  bronchiectasis  with  a  more  or  less  localized  pneumonia.  It 
is,  however,  the  exception  for  a  foreign  body  to  remain  in  one  of  the  air  pas- 
sages for  any  length  of  time  without  causing  very  grave  symptoms — -even  a 
pneumonia.  H.  J.  Davis  (12)  advocates  a  more  general  use  of  the  broncho- 
scope  in  general  diseases  and  says  unilateral  bronchitis  is  often  due  to  an  un- 
suspected foreign  body  in  the  bronchus.  Therefore,  if  a  patient  gives  a  history 
of  having  inhaled  a  foreign  object — "swallowed  it,"  as  patients  sometimes  say — 
and  not  having  coughed  it  up  again,  all  means  should  be  taken  to  locate  the 
object  and,  when  located,  to  extract  it. 

Chevalier  Jackson  (28)  says:  "In  bronchial  cases  the  chance  of  removal, 
if  seen  at  once,  is  good.  After  twelve  hours,  when  the  body  becomes  buried  in 
the  swollen  mucosa,  the  chances  are  less.  ...  If  not  removed,  the  patient  has 
only  a  fair  chance  of  escaping  fatal  abscess,  bronchitis,  bronchopneumonia,  and 
traumatic  infective  pneumonitis." 

Foreign  bodies  divide  themselves  into  two  classes,  with  variations  between 
these  two  classes:  (a)  those  opaque  to  the  X-fftys;  (b)  those  which  transmit  the 
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X-rays,  in  other  words,  those  which  are  not  found  when  radiographing  the 
patient. 

If  the  object  inhaled  is  known  to  be  of  a  mineral  or  metallic  nature,  it  is 
advisable  at  once  to  have  the  patient  X-rayed  and  the  X-ray  developed  im- 
mediately. This  gives  a  chance  for  early  search  for  the  foreign  body.  Metal 
objects  will  cast  a  clear  shadow;  glass  of  a  certain  percentage  of  lead  may  also 
be  detected.  If  the  object  is  shown  by  the  X-rays,  a  few  measurements  are 
taken  of  the  distance  in  the  X-ray  plate  from  the  teeth  or  upper  alveolar  border 
to  the  point  in  the  plate  where  the  object  appears.  Then  a  point  on  the  outside 
of  the  chest,  corresponding  to  this  distance,  is  marked  with  a  black  pencil.  (In 
a  child  8  years  of  age,  118  cm.  tall,  the  distance  from  the  upper  incisor  border 
to  the  bifurcation  of  the  trachea  was  16  cm. — head  extended — at  autopsy.)  The 
patient  should  then  be  hastened  to  the  operating-room  and,  if  a  child,  placed 
under  the  influence  of  a  general  anesthetic.  By  the  aid  of  the  bronchoscope  a 
search  should  first  be  made  in  the  air  passages  for  the  object.  Having  found 
it,  an  attempt  should  be  made  to  extract  it  with  specially  devised  forceps 
through  an  upper  bronchoscopy.  If  this  fails,  it  is  best  not  to  prolong  this 
procedure  too  far,  but  to  do  a  low  tracheotomy,  enter  the  tube  again  through 
this  opening  and  make  another  attempt  to  remove  it  with  forceps.  Should  this 
fail,  the  tracheal  opening  should  be  held  widely  apart  by  means  of  silk  sutures 
passing  around  the  neck,  in  order  that,  if  the  object  be  loosened,  it  may  be 
coughed  out  through  the  tracheal  opening.  If  there  is  no  opening,  the  object 
may  be  coughed  up  against  the  lower  aspect  of  the  vocal  cords  and  again  cause 
choking  and  spasm  of  the  glottis,  which  prevents  it  from  being  expelled.  The 
tracheal  opening,  therefore,  aids  materially  in  the  expulsion  of  the  offending 
object.  If  the  foreign  body  is  of  a  type  that  is  not  opaque  to  the  X-rays  and 
consequently  does  not  show  in  the  X-ray  picture,  such  as  a  piece  of  nut  meat, 
a  bean,  pea,  or  nut  shell,  or  even  a  small  button  of  one  kind  or  another,  no 
delay  should  be  caused  by  waiting  for  the  X-ray  picture,  but  the  surgeon 
should  proceed  at  once  to  a  direct  inspection  of  the  larynx,  trachea,  and  the 
bronchi  with  the  endoscope.  (In  one  of  my  cases  an  Italian  child  had  "swal- 
lowed'7 a  button.  By  the  X-ray  nothing  could  be  seen  of  it,  but  a  constant 
sibilant  breathing  suggested  some  obstruction  to  the  interchange  of  air.  The 
button  was  found  lodged  in  the  entrance  to  the  esophagus  just  behind  the 
larynx.  It  was  a  coat  button  of  bone  1.5  cm.  in  diameter,  but  had  cast  no 
shadow  by  the  X-ray.)  If  the  object  is  of  iron  or  steel,  it  may  be  possible  to 
pass  a  specially  devised  electromagnet  into  the  trachea  and  draw  it  out  by  this 
means.  Chevalier  Jackson  has  suggested  placing  the  patient,  inverted,  in  the 
magnetic  field  of  a  powerful  solenoid.  Much  depends  upon  the  ingenuity  and 
special  training  of  the  operator  in  these  cases. 

The  complications  of  foreign  bodies  in  the  trachea  and  bronchi  are  pneu- 
monia— rapid  and  fatal ;  abscess  of  the  lung ;  bronchiectasis ;  perforation  of  the 
bronchus  or  trachea,  with  mediastinal  abscess.  In  some  of  these  complications, 
where  the  body  has  remained  long  in  situ,  it  may  be  necessary  to  perform  a 
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thoraeotomy    and    ;i     hronrhotomy    or    a     pneumonotniiiy    through     this     route. 

F.  S.  Mathews  (:i*2)  reports  a  case  in  whieh  tin-  t^n  i-n  body,  a  staple,  or 
two-pointed  tack,  was  located  by  means  of  tin-  X-ray*,  and  an  attempt  made  to 
extract  it  after  it  had  lain  unsuspected  in  the  lung  for  months.  In  this  attempt 
the  object  was  recognized  for  a  moment  by  the  tinker,  but  it  could  not  1>< 
covered  through  the  chest  wound.  It  was  immediate! v  mushed  up  by  the 
patient,  evidently  having  been  dislodged  by  the  examining  tinker  at  the  time  it 
was  felt. 

In  the  hands  of  the  surgeon  untrained  in  tracheobronchoscopy,  it  doubtless 
would  be  better  to  do  a  tracheotomy  at  once  in  cases  of  foreign  bodies  in  the 
trachea  or  bronchi  and  to  make  an  inspection  of  the  respiratory  passages  by 
means  of  a  short  bronchoscope,  or,  lacking  that,  a  tube,  similar  to  a  urethral 
speculum,  and  a  head  light.  After  all  these  means  have  failed,  it  may  be  that 
the  body  can  be  felt  and  extracted  by  means  of  long  forceps. 
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CHAPTER   IX 

SURGERY  OF  THE  NECK 
FRANK  S.  MATHEWS 

GENERAL  ANATOMICAL  AND  SURGICAL  CONSIDERATIONS 

Anatomical  Considerations. — The  neck  consists  of  a  central  bony  core  which 
protects  the  spinal  cord,  around  which  are  distributed  a  goodly  number  of  im- 
portant structures.  There  are  the  vessels  supplying  blood  to  the  brain ;  cranial 
nerves  which  are  necessary  to  the  continuance  of  life;  thyroid  and  parathyroid 
glands,  which  are  to  be  reckoned  as  vital  organs;  and  the  two  mucus  mucosa- 
lined  tubes,  trachea  and  esophagus.  With  the  bony  support  in  the  center  and 
all  these  important  structures  covered  only  by  soft  parts,  one's  first  thought 
would  be  that  they  were  especially  liable  to  trauma,  but  such  is  not  the  case. 
The  bony  framework  of  head  and  thorax  protrudes  in  all  directions  in  such  wise 
as  to  be  a  protection.  One  by  a  scarcely  voluntary  effort  flexes  the  head  and  ele- 
vates the  shoulder  to  protect  the  neck  at  their  expense.  The  skin  covering  is  lax 
and  elastic  to  permit  the  extensive  movements  of  rotation,  flexion,  extension,  and 
lateral  motion,  as  well  as  movements  of  the  mandible. 

The  neck  has  a  larger  supply  of  lymph-nodes  than  any  other  equal  portion 
of  the  body.  The  head  is  practically  without  them,  and  those  of  the  neck  col- 
lect lymph  for  the  head  as  well  as  neck.  It  must  not  be  forgotten  that  the 
lymphatic  drainage  ends  at  the  root  of  the  neck  on  both  sides  in  the  jugular 
veins,  and  that  there  is  no  continuous  lymphatic  drainage  through  the  superior 
aperture  of  the  thorax  into  the  mediastinum.  Lymphatic  infections  end 
abruptly  at  the  root  of  the  neck.  Clinical  evidence  shows  their  freest  anasto- 
mosis to  be  across  the  shoulder  into  lymph-nodes  of  the  axilla.  This  is  also 
shown  by  the  reverse  course  when  cancer  of  the  axilla  extends  to  the  supra- 
clavicular  glands. 

The  structures  of  the  neck,  while  escaping  trauma,  are  especially  ill  favored  as 
regards  infection.  Infections  of  all  anatomical  varieties  and  of  diverse  bacteriology 
are  found  here.  The  infections  enter  much  more  often  by  the  mucous  membrane  than 
by  the  skin,  the  adenoids  and  tonsils  of  children  and  the  teeth  and  gums  of  adults 
being  the  less  resistant  points.  The  skin  readily  admits  of  inflammatory  swellings  be- 
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neath  it  but  more  deeply  seated  infections  are  controlled  in  their  spread  by  the  fasciae 
that  divide  the  neck  into  various  compartments.  The  vessels  and  nerves  of  the  neck 
show  rare  facility  in  escaping  injury  but  the  trachea  is  often  subjected  to  pressure, 
and  edema  glottidis  is  one  of  the  sudden  and  serious  accidents  which  must  be  kept  in 
mind  when  dealing  with  deep  suppuration. 

Anesthesia. — Operations  on  the  neck  present  some  special  difficulties;  per- 
haps the  chief  of  these  is  the  administration  of  the  anesthetic.  A  position  that 
gives  a  good  surgical  exposure  may  embarrass  breathing.  In  drawing  the  jaw 
forward,  the  anesthetist's  hands  are  in  danger  of  invading  the  sterile  field.  To 
keep  the  anesthetist  from  the  operative  field  one  of  the  best  means  is  to  fasten 
the  edge  of  a  sterile  towel  with  clamps  or  safety-pins  to  the  skin  along  the  lower 
border  of  the  jaw;  this  towel  then  separates  the  anesthetist's  and  the  operator's 
field. 

Special  anesthetic  methods  may  also  be  employed,  such  as  nasal,  intratracheal  and 
rectal — in  all  of  which  the  anesthetist  can  be  kept  more  out  of  the  surgeon's  way. 
Some  surgeons  have  the  anesthetist  put  on  sterile  gloves  and  use  a  sterile  mask  for  the 
anesthetic  but  neither  the  hands  nor  the  neck  can  be  kept  sterile  long  when  brought  in 
contact  with  the  patient's  face  and  mouth  secretions. 

Instruments. — The  instruments  used  in  neck  operations  are  chiefly  those 
used  in  any  operation  demanding  careful,  accurate  anatomical  dissection,  such 

as  scalpels;  scissors  of  various 
sizes,  curved  as  well  as  flat;  ar- 
tery clamps;  blunt  and  sharp 
retractors;  curved  and  straight 
needles  and  needle  holders.  The 
scissors  devised  by  Charles  Mayo 
have  attained  considerable  popu- 
larity. Their  blades  are  short 
and  are  ground  down  toward  the 
end,  so  that  when  closed  they  are 
quite  pointed.  The  closed  scis- 
sors are  thrust  into  a  connective  tissue  plane  and  then  opened  in  the  tissue  and 
in  this  way  dissection  is  done  following  a  natural  cleavage  plane.  By  this 
method  even  thin-walled  veins  usually  escape  damage  by  being  peeled  off  the 
surface  of  a  gland  or  tumor.  The  sharp  retractors  should  be  used  only  to  re- 
tract skin,  as  they  tear  the  deeper  structures,  such  as  muscle,  and  may  puncture 
veins.  For  general  use  we  may  have  a  number  of  flexible  spatular  retractors 
which  can  be  bent  according  to  the  needs  of  a  case.  Crile's  small  retractors 
(Fig.  1)  have  been  found  very  suitable  in  gland  dissections.  Crile's  clamps, 
too  (Fig.  2),  for  temporary  compression  of  the  common  or  external  carotid 
artery,  are  useful  instruments,  as  with  them  we  can  produce  just  the  desired 
amount  of  pressure  on  the  vessel. 

Methods  of  Surgical  Dissection, — It  seems  appropriate  here  to  allude  to  .the 


FIG.  1. — CHILE'S  RETRACTORS. 
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two  methods  of  surgical  dissection,  that  wifit  /,•/////-  and  I  hut  u-ith  scissors.  The 
users  of  the  knife  alone,  as  it  were,  magnify  tin-  training  of  the  dissecting  room, 
where  with  lime,  care  and  the  knife  alone  the  most  perfect  divert ions  are  pro- 
duced. They  think  that  the  lie^inner  in  surgery  should  he  required  to  do  hi- 
work  with  a  knife  in  order  that  his  dissection.-  may  he  clear  and  anatomical. 
The  scissors  dissectors  have  in  mind  the  end  rather  than  the  mean-:  their  dis- 
sections may  not  look  as  neat  when  completed,  hut  as  a  rule  mneh  quicker  work 
can  he  done  with  the  scissors;  there  will  he  le.-s  Needing,  and  when  normal 
anatomy  is  obscured  by  a  pathological  process,  the  hlunt  dissection  by  means 
of  opening  scissors  which  have  been  inserted  closed  into 
the  tissues  may  be  the  means  of  sparing  an  important 
nerve.  Even  a  piece  of  gauze  or  the  gloved  tinker  may 
be  used  advantageously  to  make  a  quick  division  of  "CLAMP*  ^ 

tissues  along  a  plane  of  tissue  cleavage.     We  can  work 

at  times  with  comparative  safety  under  a  tumor  by  stripping  with  scissors 
where  it  would  be  necessary  to  see  in  order  to  use  a  knife.  Practically,  knife 
dissection  requires  a  larger  incision  and  better  exposure  of  parts.  The  surgeon 
who  wishes  to  be  governed  only  by  the  practical  will  not  fail  to  school  himself 
in  both  methods,  nor  will  he  even  eschew  the  hlunt  dissection  with  his  gloved 
finger  as  being  "unsurgical"  if  in  a  particular  case  it  does  the  same  work  a 
little  more  quickly  and  equally  as  well  as  knife  or  scissors. 


BURNS    AND    SCARS 

Prevention  of  Scars  Following  Burns. — The  scars  resulting  from  burns  are 
most  unsightly  and  nowhere  more  so  than  in  the  neck,  for  there  they  cause  vari- 
ous degrees  of  torticollis,  drawing  the  chin  downward,  distorting  the  mouth, 
and  interfering  with  the  lips  in  speech.  We  should,  therefore,  make  every  effort 
to  limit  suppuration  and  hence  the  scar  tissue  formation  in  this  region.  No 
treatment  seems  so  effectual  in  this  regard  as  the  treatment  without  dressing. 
To  use  this  successfully,  if  the  burn  is  extensive,  a  tent  must  be  constructed  over 
the  patient  and  an  electric  lamp  placed  under  it  to  keep  the  space  warm.  More- 
over, this  method  cannot  be  employed  unless  insects  can  be  kept  from  the  burned 
area.  Larval  flies  in  a  sloughing  burn  would  make  a  very  disagreeable  complica- 
tion. Tf  the  surface  becomes  too  dry  and  crusts  too  firm,  sterile  vaselin  or 
albolin  may  be  applied. 

As  soon  as  possible  grafts  should  be  applied  by  the  Thiersch  method.  They 
are  especially  prone  to  slip  in  this  region  because  of  the  movements  of  the  neck, 
hence  the  open  method  of  treatment  cannot  easily  be  followed.  The  best  substi- 
tute is  to  cover  the  grafts,  after  the  method  of  \rosburgh  (3-H,  with  narrow 
strips  of  sterilized  adhesive  plaster,  placed  practically  in  contact  but  with 
allowance  made  for  wound  discharge  between  them.  The  strips  are  long  enough 
to  get  their  hold  on  normal  skin  and  hold  the  graft  firmly  in  place.  The  same 
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method  applies  well  to  the  grafting  of  ulcer  following  carbuncle  on  the  back  of 
the  neck. 

Treatment  of  Scars. — When  scars  have  formed,  drawing  the  chin  downward, 
we  operate  to  release  the  jaw,  but  are  likely  to  add  to  rather  than  diminish  the 
area  of  scarred  surface.  Each  case  must  be  decided  on  its  merits  and  the  plastic 
operation  required  may  be  very  extensive.  Flaps  with  a  pedicle  made  from  the 
skin  of  breast  or  thorax  may  be  used.  When  there  is  an  elevated  ridge  of  skin 
and  scar  tissue  running  from  chin  to  neck,  a  useful  method  is  to  split  the  skin 
into  2  leaves  by  an  incision  running  along  the  length  of  the  scar,  then  dividing 
the  two  leaves  by  2  incisions  at  right  angles  to  the  first  incision  but  at  different 
levels — one  being  divided  close  to  the  chin  and  the  other  some  distance  below, 
as  illustrated  in  the  accompanying  diagram : 


The  line  A  B  is  the  raised  band  of  scar  and  skin.  Along  it  from  A  to  B  incision 
is  made.  C  and  D  represent  2  lateral  incisions.  Then  by  traction  A  and  B  are  made 
to  separate  and  E  is  drawn  into  the  angle  at  D,  while  F  is  drawn  to  C.  This  elon- 
gates the  neck  scar  but  draws  the  tissues  together  laterally. 


BOILS 

Boils  are  more  frequent  on  the  back  of  the  neck  near  the  hair  line  than  else- 
where on  the  body ;  they  are  due  to  one  of  the  varieties  of  staphylococci  and  tend 
by  their  auto-inoculation  to  come  in  crops.  When  the  boil  is  just  making  its 
appearance  the  practice  of  dermatologists  is  to  seek  out  the  hair  through  whose 
root  the  infection  has  entered,  extract  it,  and  apply  pure  phenol,  dipping  a 
match  which  has  been  whittled  to  a  point  into  the  phenol  and  then  thrusting  it 
into  the  hair  follicle.  They  allege  of  this  treatment  that  it  aborts  some  boils  and 
in  other  cases  that  the  discharge  through  the  opening  thus  made  is  facilitated. 

The  only  other  treatment  for  a  boil  that  deserves  trial  is  incision.     Early 


OABBOTTCLI  381 

incision  relieves  pain  and  tension,  but  the  boil  still  has  to  run  its  definite  course, 
ending  with  the  separation  of  a  slough  and  suppuration  and  taking  about  the 
same  time  for  the  process  as  it  otherwise  would,  but  the  amount  of  destruction 
of  tissue  is  much  less  than  if  it  had  followed  nature's  course.  The  pain  of 
incision,  however,  is  such  that  patients  often  refuse  this  treatment.  In  the  first 
days  the  incision  does  not  evacuate  pus,  but  should  be  long  and  deep  enough 
to  relieve  tension  and  permit  a  serous  discharge.  When  the  patient  consents,  the 
incision  may  be  made  by  using  a  very  sharp  knife  and  making  it  as  nearly 
instantaneous  as  possible.  Ethyl  chlorid  to  freeze  the  surface  materially  di- 
minishes the  pain  of  incision.  Cocain  cannot  be  used  satisfactorily  as  the  pain 
attending  its  injection  is  severe.  A  few  breaths  of  laughing  gas  make  the  opera- 
tion entirely  painless.  It  is  worse  than  useless  to  try  to  pack  the  incision. 
Uier  dry  cups  have  been  recommended  to  be  used  immediately  after  making  a 
small  incision,  but  I  have  had  no  success  with  their  use. 

One  treatment  is  mentioned  because  it  is  the  one  most  in  use  by  physicians  and 
patients;  that  is,  the  flaxseed  poultice.  It  is  never  to  be  recommended  either  be- 
fore or  after  opening  the  boil,  for  it  favors  auto-inoculation. 

A  more  important  question  than  the  treatment  of  the  individual  boil  is  the 
prevention  of  recurrence.  Sunburn,  scratching,  and  the  rubbing  of  a  dressing 
or  collar  aid  in  starting  and  disseminating  boils.  A  wet  antiseptic  dressing — 
a  surgeon's  substitute  for  the  flaxseed  poultice — can  also  be  depended  upon  to 
act  as  a  skin  irritant.  If  the  reader  has  any  doubt  on  the  subject,  let  him  try  a 
weak  carbolic  or  bichlorid  dressing  on  the  back  of  his  hand.  The  hair  follicles 
soon  become  red  and  pimples  will  form  which  subside  on  removal  of  the  dressing. 

When  the  boil  threatens,  the  first  thing  to  do  is  to  cleanse  the  whole  area 
with  green  soap  and  water  used  in  abundance  well  up  into  the  hair,  or,  better, 
with  a  complete  shampoo.  This  is  followed  by  bathing  the  skin  with  alcohol 
(50  per  cent.).  In  neither  case  is  the  skin  to  be  rubbed  briskly.  Before  open- 
ing the  boil,  all  the  hair  near  by  should  be  clipped  short  but  not  shaved.  If  the 
skin  is  clean,  we  may  protect  it  by  covering  it  with  boric  acid  ointment  in  a 
ring  about  the  boil  so  that  pus  from  the  opened  boil  is  kept  out  of  the  follicles. 
Frequent  dressings  and  cleansing,  but  without  squeezing  of  the  boil,  are  to  be 
recommended. 

If  in  spite  of  careful  local  treatment  the  boils  recur,  the  use  of  a  vaccine,  preferably 
autogenous,  is  to  be  recommended.  General  poor  health  may  be  related  to  boils  either 
as  cause  or  effect,  and  in  any  case  we  are  to  attempt  to  improve  it.  It  is  in  the  per- 
sons whose  health  is  otherwise  good  and  in  whom  boils  recur  that  the  vaccines  are  to 
be  recommended.  Opinions  seem  to  vary  greatly  as  to  their  usefulness.  The  old 
remedy,  "brewers'  yeast."  may  be  tried. 

CARBUNCLES 

Carbuncles  demand  prompt  treatment  before  the  patient  gets  into  a  des- 
perate condition,  where  anesthesia  is  out  of  the  question.  Because  of  their 
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serious  possibilities,  they  should  be  viewed  as  serious  from  the  beginning.  Time 
is  wasted  by  poulticing  and  injections  of  carbolic  acid.  If  we  get  the  better 
of  the  suppurative  process  early,  we  lessen  the  skin  destruction  and  hasten 
healing,  in  some  cases  relieving  the  patient  of  the  need  of  a  subsequent  skin- 
graft. 

As  a  rule,  gas  or  chloroform  is  to  be  used  and  the  operation  and  anesthesia 
made  as  short  as  possible.  Soap  and  alcohol  are  to  be  preferred  to  iodin  for 
skin  preparation.  Radial  incisions  are  made  in  the  carbuncle  and  extended  far 
enough  to  relieve  tension.  Then  each  of  these  tongue-like  pieces  of  skin  may 
be  freed  from  the  underlying  necrosis  by  incisions  parallel  to  the  skin  surface. 
The  incisions  are  carried  far  enough  to  excite  free  bleeding,  hence  the  wound 
should  be  tightly  packed  with  gauze.  At  the  first  dressing  this  will  be  more 
easily  removed  if  it  is  saturated  with  peroxid  of  hydrogen.  After  this  there  is 
no  occasion  to  pack  the  depths  of  the  wound  with  gauze.  Should  the  process  be 
extending  in  any  direction,  an  additional  incision  or  extension  of  incision  should 
be  made  at  once. 

If  diabetes  is  the  predisposing  cause,  treatment  that  improves  that  condition 
will  greatly  favor  the  healing  of  a  carbuncle.  However,  the  sudden  taking  of  a 
patient  from  ordinary  diet  and  enforcing  a  strict  diabetic  one  may  bring  about 
an  acidosis  soon  to  be  followed  by  coma  and  death.  On  theoretical  grounds, 
alkalies  should  do  good,  and  clinical  evidence  favors  their  use.  Bicarbonate  of 
soda  may  be  given  by  mouth  or  rectum  or  by  intravenous  infusion,  but  not  by 
hypodermoclysis.  Alkaline  solutions  given  by  hypodermoclysis  in  these  patients 
are  likely  to  cause  pain  and  sloughing.  See  also  Diabetes. 


CELLULITIS    AND    LYMPHADENITIS 

Infections  in  the  upper  neck  are  exceedingly  common;  the  glands  at  the 
angle  of  the  jaw  are  more  or  less  continuously  palpable  in  most  school  children. 
With  colds  and  infectious  fevers  they  enlarge,  but  usually  demand  no  treat- 
ment but  that  of  the  exciting  cause.  In  others  there  is  a  periadenitis,  the  glands 
fuse,  and  may  or  may  not  go  on  to  the  abscess  stage.  We  must  watch  these 
cases  with  care  to  determine  whether  pus  has  formed  or  not.  Before  the  matter 
is  decided  we  may  apply  cold  to  the  swollen  area.  Counterirritants,  such  as 
iodin,  have  their  field  in  subacute  or  chronic  processes,  not  in  the  acute,  hence 
are  not  to  be  used.  If  used,  the  skin  is  made  sore  and  the  patient's  discomfort 
increased. 

Mild  Cases. — In  the  milder  grades  of  such  inflammations  where  pus  has 
formed  deep  in  the  neck  it  may  be  evacuated  through  a  quite  small  incision. 
Make  the  incision  transversely  over  the  supposed  location  of  the  pus,  and  carry 
the  incision  to  the  deep  fascia.  At  this  stage  we  lay  aside  the  knife  and 
follow  what  is  called  "Hilton's  method.77  A  closed  instrument,  such  as  an 
artery  forceps,  is  thrust  into  the  tissue  in  the  direction  of  the  abscess,  and  when 
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the  point  is  felt  to  enter  a  cavity  the  forceps  is  opened  and  withdrawn,  widening 
the  passage.  A  drain,  such  as  a  cigarette  drain  or  rubber  band,  is  iii-«-rt«-d,  but 
a  gauze  one  should  not  be  used,  as  it  plugs  the  opening  and  does  not  promote 
drainage. 

When  the  pus  has  approached  the  skin,  even  if  the  abscess  is  large,  it  may  be 
safely  evacuated  through  a  small  incision  (just  a  stab  through  the  skin)  in  the 
cases  where  the  process  is  not  virulent,  as  shown  by  slight  temperature,  tender- 
in^-,  <»r  edema  of  adjacent  soft  parts. 

Grave  Cases  of  Cellulitis.— There  are  cases  of  cellulitis  of  the  n« .  k.  however,  that 
are  exceedingly  serious.  They  occur  chiefly  in  adults  and  usually  begin  with  trouble 
about  the  jaws — a  Rigg's  disease,  an  abscess  at  a  tooth  root,  or  extensive  osteitis  may 
be  the  starting  point.  Then  succeed  a  periostitis  and  a  brawny  swelling  affecting  all 
the  tissues  from  the  jaw  to  the  clavicle.  It  is  difficult  to  open  the  jaws  to  any  great 
extent,  and  the  giving  of  an  anesthetic  is  difficult  and  dangerous.  Early  incision  along 
the  anterior  border  of  the  sternomastoid  or  under  the  jaw  is  necessary.  Incisions  must 
be  deep  enough  to  relieve  tension  and  so  minimize  the  danger  of  an  edema  of  the  glot- 
tis. We  must  not  wait  until  the  pus  is  diagnosed;  often  it  is  present  in  very  small 
amounts  and  the  process  remains  throughout  a  rather  long  course  as  a  ligueo'is  edema 
only. 

Ludwig's  angina  has  been  much  discussed  and  differences  of  opinion  pre- 
vail as  to  whether  it  is  a  disease  of  a  special  anatomical  form  only  or  due  to  a 
special  bacterium.  Its  most  emphasized  character  is  that  it  involves  the  floor 
of  the  mouth,  appearing  to  extend  to  it  behind  the  mylohyoid  muscle.  It  is 
very  fatal,  the  result  usually,  but  not  always,  being  due  to  edema  of  the  glottis. 
Extensive  incisions  both  beneath  the  jaw  and  in  the  mouth  are  needed. 

The  instruments  for  a  tracheotomy  should  be  kept  on  hand  and  oxygen 
should  be  available  for  prompt  use  when  needed.  (In  many  of  these  cases  I 
have  been  obliged  to  do  a  tracheotomy  on  the  table  or  after  a  few  hours. — 
EDITOR.) 

HODGKIN'S  DISEASE:    PSEUDOLEUKEMIA 

It  is  only  in  recent  years  that  this  disease  has  been  clearly  defined  from 
other  enlargements  of  lymph-nodes.  The  confusion  has  been  largely  one  of 
names,  of  which  this  condition  has  had  a  great  number,  a  name  referring  to  the 
disease  used  by  one  writer  often  meaning  quite  a  different  thing  when  used  by 
another.  The  confusion  has  been  added  to  by  the  basing  of  a  diagnosis  on  a 
microscopic  section  of  a  small  piece  of  tissue  removed  for  the  purpose,  since  the 
appearances  vary  somewhat  in  different  parts  of  the  nodes.  When  a  case  is 
clearly  Hodgkin's,  a  portion  of  a  single  node  may  yet  show  no  lesions  but  those 
of  hyperplasia. 

It  is  sometimes  difficult,  both  clinically  and  microscopically,  to  differentiate 
Hodgkin's  disease  from  tuberculosis.  The  two  conditions  are  at  times  associated 
in  the  same  nodes  and  the  occurrence  has  been  so  frequent  as  to  suggest  to  some 
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an  etiological  relationship.  I  have  had  considerable  experience  with  Hodgkin's 
disease  in  children  and  have  found  that  it  does  not  respond  to  the  von  Pirquet 
test.  It  is  best  to  think  of  the  disease  as  a  clinical  and  pathological  entity, 
presumably  an  infectious  granuloma,  fortunately  not  very  common  and  unfor- 
tunately always  fatal.  The  fatal  termination  may  be  delayed  from  1  to  several 
years,  and  the  disease  from  the  standpoint  of  treatment  may  be  divided  into  2 
stages.  In  the  first  there  are  no  signs  except  the  mass  of  nodes,  in  most  cases 
located  in  some  part  of  the  neck.  General  health  may  be  surprisingly  good. 
In  the  second  stage  groups  of  nodes  are  involved  anywhere  or  everywhere  in  the 
body  and  an  anemia  appears  which  becomes  steadily  progressive. 

Both  medical  and  surgical  treatment  have  failed  in  permanently  warding 
off  the  fatal  termination.  Arsenic  seems  the  sheet  anchor  of  the  internist,  but 
it  would  be  hard  to  say  why.  Most  of  the  cases  which  begin  in  the  neck  are  sub- 
jected to  X-ray  or  surgical  treatment.  The  X-ray  often  causes  a  shrinkage  of  a 
group  of  nodes.  On  the  other  hand,  they  may  remain  stationary  at  least  and 
probably  recede  at  times  under  no  treatment. 

In  the  early  days  of  the  disease  when  there  may  be  doubt  as  to  whether  we 
are  dealing  with  hyperplastic,  tuberculous,  sarcomatous,  or  Hodgkin's  nodes, 
the  importance  of  the  diagnosis  suggests  the  removal  of  tissue  for  examination. 
In  older  subjects  this  can  be  done  under  cocain.  In  children  one  will  prefer 
ether.  Then,  assuming  the  enlargement  of  but  a  single  group  of  nodes, 

I  think  it  wise  to  proceed  with  the  removal  of  all  the  palpable  ones.  They  peel  out 
so  easily,  as  a  rule,  that  the  patient  is  not  harmed  by  completing  their  removal,  and 
both  patient  and  friends  are  pleased  by  the  disappearance  of  the  tumor.  Moreover, 
pressure  symptoms  are  alleviated  or  postponed.  After  operation  on  an  early  case  the 
patient  may  be  to  all  appearances  well  for  a  year  or  more.  We  have  seen  a  child  im- 
prove in  color,  gain  in  strength  and  grow,  but  finally  the  generalized  recurrence  ap- 
pears and  the  anemia  or  pressure  symptoms  terminate  the  case.  Whether  the  gen- 
eralization is  at  all  delayed  by  the  early  removal  of  a  group  of  nodes  is  not  settled. 

Hertzler  (18)  says,  "We  now  (1911)  have  had  a  patient  under  observation 
for  3  years  since  the  last  (the  fifth)  operation  with  no  signs  of  recurrence." 
This,  however,  is  very  unusual. 

My  most  successful  case  is  one  of  a  boy  seen  at  the  age  of  10  years.  The  nodes 
were  enlarged  in  the  left  side  of  the  neck  from  the  mastoid  to  the  clavicle.  Those 
in  the  corresponding  axilla  were  moderately  enlarged.  The  parents  dated  the  trouble 
from  the  time  of  a  tonsillotomy  20  months  before.  All  the  enlarged  nodes  were  re- 
moved and  the  wounds  healed  without  infection  but  for  a  number  of  weeks  the  axillary 
wound  drained  large  quantities  of  lymph.  The  case  was  clinically  and  microscopically 
Hodgkin's  disease,  and,  moreover,  the  von  Pirquet  and  guinea  pig  inoculation  were 
negative  for  tuberculosis.  Now  3  years  and  4  months  after  operation  glandular  en- 
largements are  just  beginning  in  the  neck  and  axilla.  General  health  is  good  and  the 
recurrence  seems  restricted  to  the  original  distribution  of  nodes.  At  the  time  of  opera- 
tion he  weighed  76  and  now  98  pounds. 
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After  generalization  has  ix-enm-d.  tin;  most  that  is  warranted  by  way  of 
operation  is  the  removal  of  a  node  for  «liai:ii"~i^  tin-  <loingof  a  tracheotomy,  or 
the  removal  of  nodes  causing  serious  pressure,  as,  for  instance,  on  the  trachea. 
Before  doing  a  tracheotomy  one  should  be  satisfied  that  it  is  the  neck  nodes  that 
are  really  responsible  for  the  pressure  and  not  those  of  the  mediastinum.  An 
X-ray  plate  may  clear  up  the  question. 


TUBERCULOUS    CERVICAL   ADENITIS 

The  treatment  accorded  to  a  case  of  tuberculous  glands  at  the  present  day 
depends  largely  on  the  specialty  of  the  physician  first  consulted.  There  are  the 
hygienic,  the  X-ray,  light  therapy,  vaccine,  laryngological  (that  is,  treatment 
directed  to  the  portal  of  infection),  and  the  surgical.  The  latter,  moreover, 
comprises  by  no  means  a  single  method  of  treatment.  One  surgeon  drains 
abscesses;  another  injects  antiseptics;  another  excises  glands  unless  there  is  an 
abscess ;  another  excises  both  glands  and  abscess.  Some  hesitate  to  operate  until 
sinuses  are  healed,  while  others  largely  disregard  them.  Differences  of  practice 
prevail  as  to  the  extent  of  excision  necessary,  that  is,  whether  glands  in  the 
gland-bearing  fascia  should  be  removed  or  only  the  main  glandular  mass.  While 
some  operate  as  early  as  possible,  others  reserve  surgery  for  the  advanced  cases. 
That  the  general  practice  of  physicians  is  to  procrastinate  until  suppuration 
impends  is  shown  by  the  fact  that  we  have  few  cases  in  private  practice  to 
operate  on  before  the  formation  of  an  abscess.  Children  and  adults  are  at  times 
treated  differently,  the  treatment  of  the  latter  being  more  radical.  A  simul- 
taneous lung  tuberculosis  also  influences  treatment 

The  neck  nodes  suffer  from  both  human  and  bovine  infection.  Park  divides  the 
cases  of  tuberculous  nodes  into  3  groups  :  (a)  cases  under  5  years  of  age,  (b)  cases 
from  5  to  15  years  of  age,  and  (c)  cases  over  15  years  of  age.  In  children  under  5  we 
find  bovine  tubercle  about  twice  as  common  as  the  human;  from  5  to  15,  the  human 
is  twice  as  common  as  the  bovine,  and  there  were  no  bovine  cases  in  persons  over  15. 

To  quote  Park  (28)  : 

"In  children  the  bovine  type  of  tubercle  bacillus  causes  a  marked  percentage  of 
the  cases  of  cervical  adenitis  leading  to  operation,  temporary  disablement,  disfigure- 
ment, and  discomfort.  It  causes  a  large  percentage  of  the  rare  alimentary  tubercu- 
losis. In  young  children  it  becomes  a  menace  to  life  and  causes  from  6  to  10  per  cent, 
of  the  total  fatalities  from  the  disease." 

The  work  of  Park,  however,  did  not  show  whether  the  prognosis  is  any  better 
when  the  infection  is  bovine.  In  children  under  2,  in  whom  we  expect  the 
bovine  type  to  predominate,  Dowd  thinks  the  prognosis  not  so  good  as  in  older 

children  with  adenitis. 
86  B 
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It  is  unfortunate  that  we  cannot  differentiate  the  2  varieties  by  means  of  the 
tuberculin  test  (von  Pirquet),  using  human  and  bovine  tuberculin.  But  tests 
with  the  2  tuberculins  show  as  a  rule  a  simultaneous  positive  or  negative  result. 

MEDICAL  OR  HYGIENIC  TREATMENT 

The  medical  or  hygienic  treatment  consists  in  keeping  the  patient  in  the 
most  healthful  surroundings  with  abundance  of  fresh  air  and  nourishing  food, 
with  restricted  work  or  exercise,  and  perhaps  the  use  of  tonics.  The  purpose  of 
it  is  to  keep  the  patient  in  the  best  possible  condition  to  fight  the  disease,  and 
there  can  scarcely  be  a  doubt  that  the  cure  of  tubercle  in  the  neck  or  elsewhere 
must  come  from  the  building  up  of  body  resistance. 

Even  if  the  glands  are  removed  surgically  the  cure  is  brought  about  in  the  same 
way;  we  have  but  diminished  the  load  of  infection  with  which  the  patient  contends 
rather  than  completely  eradicated  it.  Every  patient  should,  therefore,  get  the  best  of 
medical  care  whether  before  or  after  operation. 

On  the  other  hand,  an  exclusively  medical  treatment  has  a  number  of  draw- 
backs. It  requires  a  long  time — one  cannot  say  how  long  or  when  it  has  come 
to  an  end — and  its  result  is  uncertain.  Moreover,  the  cure  by  nature  is  largely 
by  the  Breaking  down  of  nodes  with  abscess  and  sinus  formation  with  ultimate 
healing  and  scarring.  In  children,  as  the  treatment  is  to  cover  some  years,  the 
patient  while  doing  well  is  very  likely  to  contract  one  of  the  exanthemata  during 
which  the  gland  trouble  is  aggravated.  In  the  end  operation  and  scarring  occur 
after  a  longer  or  shorter  period  of  non-surgical  treatment.  Practically  it  is  diffi- 
cult in  a  city  and  among  both  the  poor  and  those  in  moderate  circumstances  to 
obtain  an  adequate  hygienic  treatment,  as  it  involves  the  outlay  of  much  money 
and  trouble.  A  child  can  rarely  be  removed  from  the  surroundings  in  which  it 
acquired  the  disease.  Moreover,  the  usual  reason  for  selecting  this  method,  the 
wish  to  avoid  a  scar,  is  largely  fallacious,  as  the  nodes  are  always  in  danger  of 
breaking  down,  thus  forming  a  number  of  scars,  each  one  of  which  is  more  dis- 
figuring than  an  operation  scar.  Few  cases  will  run  their  course  to  a  successful 
termination  without  the  discharging  of  one  or  more  glands  on  the  skin  surface. 

TUBERCULIN  TREATMENT 

The  tuberculin  treatment  has  had  extensive  use  at  the  hands  of  a  compara- 
tively few  men.  It  is  difficult  to  say  just  how  valuable  this  treatment  may  be, 
as  it  is  rarely  used  alone,  but  usually  accompanies  more  or  less  surgery  and 
hygiene.  To  quote  Baldwin  (2)  : 

"A  patient  already  poisoned  and  having  a  daily  temperature  of  100  degrees  or  over 
is  no  subject  for  any  kind  of  tuberculin  treatment.  I  mean  that  progressive  tubercu- 
losis, where  fever,  sweats,  lost  weight  and  strength  are  present,  forms  a  contra-indica- 
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tion  for  the  treatment.    The  patient  already  has  more  tuberculin  of  his  own  manufac- 
ture than  he  can  stand.    Harm  is  being  done  to-day  by  such  treatnu  nt. 

The  cases  then  should  be  selected  in  which  to  use  tuberculin  with  reference 
to  those  definite  centra-indications.  The  milder  cases  free  from  acute  exacerl.a- 
tions  of  trouble  will  be  the  most  favorable  for  its  use,  and  it  is  to  be  remembered 
that  such  are  the  most  favorable  cases  for  any  line  of  treat  incut.  This  method 
may  be  used  with  hygienic  measures  alone,  may  be  »iven  a  trial  before  opera- 
tion, or  may  be  instituted  shortly  after  operation  in  case  there  is  fear  of  recur- 
rence, llawes  (17)  administers  the  dru«r  in  weekly  doses  of  from  1/10,000  to 
20  milligrams,  l)e»-iiminii-  with  the  former  and  incHM-inn  as  rapidly  as  possible, 
being  careful  to  avoid  local  or  general  reactions.  The  cases  vary  within  wide 
limits  in  the  si/.e  of  dose  tolerated,  lie  combines  this  treatment  with  full  diet, 
fresh  air,  out-door  sleeping,  and  limitation  of  work.  His  results  in  56  cases  of 
adenitis,  many  of  which  were  subjects  of  unsuccessful  surgery,  have  been  en- 
couraging. Note  the  great  range  of  dose,  the  maximum  200,000  times  the 
minimum. 

At  the  fifth  annual  conference  of  the  "British  National  Association  for  the 
Prevention  of  Consumption  and  other  forms  of  Tuberculosis"  the  subject  of 
the  tuberculin  treatment  of  the  disease  was  extensively  discussed  (29).  Mac- 
kenzie (21)  there  asserted  that  vaccine  treatment  (if  we  except  stapbylococcus) 
is  still  on  trial,  that  there  are  no  animal  experiments  showing  cures  from  animal 
tuberculosis  by  tuberculin,  that  after  extensive  use  of  it  himself  he  is  still  un- 
certain as  to  its  value  and  thinks  it  certainly  less  efficacious  than  other  of  our 
therapeutic  procedures  for  the  treatment  of  the  disease. 

Rabinowitsch  announced  the  discovery  that  tuberculin  in  large  enough  dosr 
produce  a  reaction  is  followed  by  the  appearance  of  tubercle  bacilli  in  the  blood  and 
hence  favors  dissemination.    Woodhead  says  that  it  has  never  created  immunity  either 
in  man  or  animals  to  tuberculosis.    While  some  favored  its  use,  the  only  point  on  which 
all  agreed  is  its  potency  for  harm. 

If  too  little  of  the  drug  is  given,  it  is  useless;  if  too  much,  it  does  positive 
harm.     The  treatment  should,  therefore,  be  given  by  those  especially  inter* 
in  its  use  and  qualified  by  experience,  and  no  good  is  likely  to  result  (by  acci- 
dentally striking  the  proper  dose)   at  the  hands  of  the  occasional  user  of  the 
drug. 

RONTGEN-RAY    TREATMENT 

Yon  Mutschenbacher  (24,  25),  who  is  in  favor  of  conservative  treatment  of 
tuberculous  nodes,  as  is  shown  by  the  fact  that  he  has  operated  on  but  9  per 
cent,  of  1,344  cases,  speaks  highly  of  the  X-ray  treatment,  which,  he  says,  com- 
pares favorably  with  surgery.  It  is  his  belief  that  the  rays  cause  the  disap- 
pearance of  the  adenoid  tissue,  leaving  only  the  stroma. 

Fritsch  (16)  has  submitted  33  cases  of  tuberculous  nodes  to  this  treatment 
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within  a  year.  In  only  4  of  his  cases  was  removal  of  a  hard  residual  mass  of 
nodes  performed.  In  the  absence  of  other  tuberculous  deposits  in  the  body  he 
considers  the  treatment  very  effectual.  He  sees  advantages  in  combining  6 
months  of  X-ray  with  other  treatment. 

In  a  few  cases  X-ray  treatment  has  seemed  to  me  to  haye  made  a  small  mass 
of  nodes  more  adherent  and  difficult  to  remove. 

Blaisch  (4)  gives  his  experience  with  tuberculous  nodes  in  a  carefully  pre- 
pared article.  He  divides  the  cases  into  (a)  hyperplastic,  (b)  purulent  or 
cheesy,  (c)  ulcerated  or  fistulous.  In  the  first  group  the  nodes  enlarge  consid- 
erably after  a  single  X-ray  application,  later  to  decrease  markedly  and  become 
more  discrete.  Some  do  not  entirely  disappear,  but  remain  small  and  hard.  If 
one  is  removed  and  examined  microscopically,  there  will  be  seen  a  central  cheesy 
mass  and  around  it  a  condensation  of  connective  tissue  in  which  there  are  no 
miliary  tubercles.  There  is  also  noted  a  total  disappearance  of  adenoid  tissue. 
He  says  the  results  of  the  treatment  are  not  due  to  a  destruction  of  tubercle 
bacilli,  as  they  have  been  found  alive,  though  with  diminished  virulence,  in  the 
cheesy  masses. 

In  the  suppurating  glands  the  rays  can  cause  an  absorption  of  the  pus,  but 
it  is  quicker  to  aspirate  the  pus  or  incise  and  suture  and  then  use  the  X-ray. 

He  finds  the  fistulous  glands  the  hardest  to  treat.  The  surrounding  eczema 
at  times  makes  the  raying  out  of  the  question.  In  others  the  X-ray  in  dimin- 
ished doses  improves  the  granulations  and  hastens  healing.  The  majority  of 
his  cases  were  of  the  hyperplastic  variety  and  he  was  able  to  cure  over  50  per 
cent,  of  his  50  cases. 

HELIOTHERAPY 

The  work  of  Rollier  (11,  30)  has  drawn  attention,  chiefly  abroad,  to  the 
possibilities  of  light  in  the  treatment  of  surgical  tuberculosis.  Rollier' s  sana- 
taria  at  Leysin,  Switzerland,  are  located  3,800  to  4,500  feet  above  the  sea  level. 
All  types  of  surgical  tuberculosis  are  here  treated.  The  entire  body — not  alone 
the  diseased  parts — is  exposed  to  direct  sunlight,  beginning  with  exposures  of  5 
minutes  3  times  a  day  for  part  of  the  body,  and  increasing  the  application  till 
the  whole  body  is  included,  and  the  exposure  is  maintained  for  3  to  5  hours. 
Erythema  and  painful  burning  are  scrupulously  avoided.  Marked  pigmenta- 
tion seems  to  indicate  high  resistance  and  indicates  a  favorable  course.  This 
treatment,  as  employed  by  Rollier,  has  received'  enthusiastic  commendation  by 
some  of  the  best  European  surgeons.  In  some  cases  neck  nodes  are  described  as 
spontaneously  disappearing.  In  others  the  cure  follows  aspiration  or  sinus 
formation.  "Open"  tuberculosis  is  avoided  if  possible.  Treatment  is  continued 
6  months  to  2  years  in  gland  cases. 

The  illustrations  in  Rollier's  articles  are  very  striking.  They  show  children 
naked  on  their  beds  upon  an  uninclosed  porch  and  with  a  background  of  the 
snow-covered  Alps.  Others  are  seen  playing  on  the  snow  in  the  bright  sunshine 
and  clothed  only  with  a  jock  strap  and  a  pair  of  skis. 
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At  St.  iMary's  Hospital  for  ('hildrrn  \vr  l>avr  always  IK><-JI  impressed  with 
the  improvement  made  in  heiiiM»-lobin  an«l  weight  l.y  children  with  tuberculous 
glands  when  sent  from  the  hospital  to  its  country  branch.  The  diet  is  the  same 
in  the  2  institutions  and  improvement  occurs  in  those  who  are  unable  to  take 
exercise  as  well  as  in  those  who  are;  hence  it  scorns  as  if  i  •  r  muni 

hours  spent  in  the  sunshine  were  the  essential  difference. 

When  a  child  with  tuberculous  glands  must  be  treated  in  the  <-ity.  though  we  can- 
not follow  Rollier's  methods  in  detail,  yet  both  in  institutions  and  in  private  it  would 
seem  easily  possible  to  greatly  increase  the  number  of  hours  spent  out  of  doors  and 
to  subject  wounds  and  sinuses  as  well  as  other  portions  of  the  body  usually  covered  to 
the  direct  sunlight  through  windows. 


LABYNOOLOGICAL   TREATMENT 

It  is  an  interesting  fact  that  surgeons  in  general  until  very  recently  operated 
on  their  cases  of  cervical  tuberculosis  blissfully  ignorant  of  the  source  of  infec- 
tion and  rather  persuaded 
that  in  a  given  case  there  was 
no  way  of  knowing  the  portal 
of  entry.  Though  one  should 
always  make  an  effort  to  lo- 
cate the  primary  focus,  it 
cannot  be  denied  that  a  great 
many  cases  have  been  cured 
without  locating  it.  As  in 
other  parts  of  the  body  with 
various  infections,  the  lesion 
at  the  point  of  inoculation 
may  be  very  small  and  soon 
heal  of  itself  either  before  or 
after  the  removal  of  the  more 
extensive  secondary  lesions. 

Location  of  the  Source  of 
Infection. — While  lymphatic 
drainage  has  very  free  anas- 
tomoses and  different  groups 
of  nodes  freely  communicate 
with  each  other,  yet  if  one 
can  determine  the  first  nodes 
to  enlarge,  either  from  the 

history  or  from  the  greater  size  or  more  advanced  lesion  of  the  nodes  first 
affected,  he  has  a  very  definite  guide  to  the  location  of  the  primary  lesion. 

The  groups  of  nodes  in  the  higher  cervical  collar  are  the  submental,  sub- 
maxillary,  carotid  (or  tonsillar),  parotid,  submastoidal  and  suboccipital.     In 


FIG.  3. — GROUPS  OF  NODES  IN  THE  HIGHER  PART  OF 
NECK.     The  chief  groups  are  numbered. 
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children,  in  over  75  per  cent,  of  cases,  the  carotid  group,  that  is,  that  just  be- 
neath the  angle  of  the  jaw,  will  be  found  the  first  to  enlarge.  This  suggests  a 
primary  lesion  in  the  pharyngeal  or  faucial  tonsil.  We  have  rarely  failed  to 
find  tubercle  in  the  tonsil  in  such  cases. 

At  St.  Mary's  Hospital  for  Children,  Dr.  H.  Y.  Spaulding  sectioned  150  consecu- 
tive adenoids  and  found  8  of  them  tuberculous.  In  only  1  of  these  was  the  child 
known  previously  to  be  tuberculous.  In  a  few  cases,  but  only  a  few,  have  tubercles 
been  found  in  the  tonsil  when  the  corresponding  neck  nodes  were  not  clinically  en- 
larged. We  are  to  consider  that  in  a  large  percentage  of  cases  in  children  the  pharyn- 
geal or  faucial  tonsils  are  the  source  of  infection.  However,  I  have  demonstrated  the 
focus  in  isolated  cases  on  the  gum,  the  inside  of  the  cheek,  at  the  suboccipital  hair  line, 
the  skin  of  the  malar  region  and  in  an  adult  on  the  skin  just  above  the  clavicle  with 
enlargement  of  nodes  in  the  episternal  notch. 

The  present  tendency  is  to  attribute  a  large  number  of  local  and  general 
infections  (rheumatism,  etc.)  to  infection  through  decayed  teeth  and  gums. 
However  this  may  be  with  other  infections,  it  is  almost  negligible  with  regard 
to  tuberculosis.  The  nodes  to  enlarge  first  are  not  those  in  most  immediate 
lymphatic  connection  with  the  jaws  (which  enlarge  very  promptly  in  jaw  in- 
fections), nor  is  a  clinically  recognizable  tuberculous  lesion,  either  a  superficial 
lesion  or  osteomyelitis  of  the  jaw,  frequently  found  in  patients  with  tuberculous 
glands. 

Removal  of  Adenoids  and  Tonsils. — The  removal  of  adenoids  and  tonsils  is 
very  frequently  followed  by  subsidence  of  glandular  swellings,  but  there  is  little 
reason  to  believe  that  even  a  complete  removal  will  do  more  than  slightly  aid  in 
the  cure  if  the  tubercle  has  passed  from  the  tonsils  to  the  nodes.  In  fact,  a 
tonsillectomy  may  immediately  accelerate  the  tuberculous  process  in  the  nodes. 

In  a  child,  if  the  glands  are  only  questionably  tuberculous,  first  test  the  reaction 
to  tuberculin.  If  that  is  negative,  proceed  with  the  removal  of  the  tonsils  and  the 
nodes  will  subside  promptly.  If  the  glands  are  tuberculous  it  is  a  good  rule  not  to 
operate  on  tonsils  and  nodes  at  the  same  time. 

I  usually  prefer  first  to  remove  the  glands  and  later  the  tonsils.  In  the  few 
cases  where  the  adenoids  and  tonsils  are  so  obstructive  as  to  make  a  prolonged 
anesthesia  difficult  the  reverse  order  may  be  followed. 

There  can  be  no  doubt  that  simple  infections  of  the  tonsils  of  the  types  that 
produce  hyperplasia  of  neck  nodes  will  make  it  easier  for  a  preexisting  tubercu- 
lous process  to  spread  in  the  inflained  nodes.  Hence  diseased  adenoids  and 
tonsils  should  be  removed  in  such  cases  as  an  adjuvant  to  the  direct  treatment  of 
the  tuberculous  nodes.  As  a  general  proposition,  attend  to  the  nodes  first  and 
then  the  tonsils  and  adenoids,  with  all  possible  care  in  the  checking  of  hemor- 
rhage. 

The  tuberculous  focus  in  the  tonsil  may  be  small  and  negligible,  as  is  shown 
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by  the  infrequency  with  which  we  see  a  clinical  tuberculosis  of  the  tonsil,  espe- 
cially in  children ;  but  if  these  tonsils  are  frequently  the  seat  of  inflammation 
of  any  variety,  the  nodes  in  relation  to  them  enlarge  and  facilitate  the  spread  of 
the  tuberculous  process  in  them.  The  question  of  the  removal  of  tonsils  and 
adenoids  should  be  considered  in  every  case  of  tuberculous  glands  in  children; 
but  their  removal  is  determined  on  other  grounds  than  that  they  have  allowed 
the  passage  of  the  tubercle  bacillus.  In  fact,  if  they  are  not  obstructive  and 
not  inflamed,  it  is  wiser  not  to  remove  them. 


SURGICAL   TREATMENT 

Recent  literature  on  the  subject  of  the  surgical  treatment  of  tuberculous 
nodes  is  not  particularly  voluminous  and  seems  to  indicate  a  general  lack  of 
interest  in  the  subject.  Such  articles  as  appear  advise  less  radical  procedures 
t.li;in  formerly.  "Injections,"  "incisions,"  "removal  if  breaking  down  threat- 
ens," and  "removal  of  the  main  masses"  are  all  methods  mentioned  with  ap- 
proval in  present-day  articles.  The  tendency  seems  to  be  to  recommend  only 
such  surgery  as  is  unavoidable.  The  papers  of  Stone  (32),  Dowd  (12,  14),  and 
Muller  (23)  are  strikingly  in  contrast  to  this  tendency. 

When  an  inquiry  was  recently  made  through  the  Journal  of  the  American 
Medical  Association  as  to  the  best  method  of  treatment  answer  was  made  as 
follows : 

"In  children,  tuberculous  lymphadenitis  tends  to  remain  localized  and  to  break 
down  early  to  form  abscesses.  In  this  form  of  the  disease  incision  of  the  abscess  with 
subsequent  drainage,  combined  with  general  hygienic  measures,  will  usually  effect  a 
cure.  In  some  cases  a  sinus  may  persist  after  drainage,  necessitating  removal  of  the 
diseased  glands." 

The  surgical  treatment,  according  to  this  advice,  is  to  be  kept  as  a  last  resort. 
Some  of  the  patients  whose  photographs  are  shown  have  been  cured  by  an 
operation  lasting  an  hour,  residence  in  a  hospital  of  a  week,  and  no  other  treat- 
ment. That  outlined  by  the  Journal  may  last  for  years.  One  wonders  whether 
the  same  advice  would  be  given  if  the  glands  of  the  groin  were  enlarged  as  an 
isolated  tuberculous  focus.  And  if  radical  surgery  is  to  be  recommended  in  the 
latter  and  not  in  the  former,  what  condition,  local  or  general,  indicates  a  differ- 
ent method  of  treatment  in  the  2  cases.  The  only  obvious  difference  is  that  the 
scar  is  visible  in  one  case  and  concealed  in  the  others.  The  question  of  scar  is 
often  given  more  weight  by  both  physicians  and  parents  than  promptly  ridding 
the  body  of  a  tuberculous  focus.  Few  patients,  children  or  adults,  will  be  cured 
without  suppuration  and  sinus  formation.  The  result  of  these  sinuses  when 
multiple,  as  they  involve  a  variable  amount  of  sloughing  of  skin  and  deeper 
tissues,  is  a  puckering  scar  and  worse  disfigurement  than  the  single  transverse 
scar  of  a  surgical  operation. 
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There  is  a  widespread  notion  that  surgical  treatment  is  inefficient;  that 
glands  recur  even  at  the  site  of  a  previous  operation  so  that  when  operation  is 
recommended  it  is  to  be  looked  upon  as  but  the  beginning  of  a  series  of  opera- 
tions. 

The  objections  to  surgery  may  be  epitomized  as  follows : 

(a)  Children  at  least  get  well  without  it. 

(b)  We  have  no  certain  method  of  diagnosis  in  early  cases. 

(c)  We  cannot  remove  all  the  infected  glands. 

(d)  Scars. 

(e)  Recurrences. 

I  wish  strongly  to  advocate  the  earliest  possible  complete  removal  of  an  iso- 
lated glandular  focus,  both  in  children  and  adults,  for  the  following  reasons: 
The  disease  spreads  from  a  point,  it  is  local  at  first  and  can  be  removed  without 
sacrificing  important  structures.  Removal  can  be  done  with  slight  scarring  and 
a  comparatively  short  operation  when  done  early..  Hygienic  treatment  is  always 
important,  but  will  be  more  successful  after  gland  removal  than  when  tubercu- 
lous glands  are  present.  A  child  who  has  tuberculous  glands,  who  has  a  slight 
temperature,  is  pale  and  run  down,  will  improve  rapidly  in  the  weeks  succeeding 
operation  and  be  in  much  better  condition  to  withstand  the  other  infectious  dis- 
eases of  childhood  which  he  is  reasonably  sure  to  acquire  than  if  the  glands  re- 
main. In  other  words,  operation  initiates  improvement.  Early  thorough  opera- 
tion gives  excellent  results  as  regards  scar,  duration  of  treatment,  and  freedom 
from  recurrence.  Our  best  results  are  in  the  early  cases.  We  may  not  remove 
every  tubercle  bacillus  or  miliary  tubercle  from  some  of  the  smallest  glands,  but 
we  do  enough  to  accomplish  a  cure.  The  operation  has  a  very  low  mortality. 
The  reason  for  the  discredit  of  surgery  is  to  be  found  in  half-hearted  work  on 
neglected  cases.  No  spectacular  results  are  to  be  expected  by  any  method  of 
treatment  when  the  glands  have  become  widely  scattered  and  are  broken  down 
in  a  number  of  situations. 

It  may  be  objected  that  the  course  recommended  will  lead  to  operation  in  a 
large  number  of  cases  that  prove  not  to  be  tuberculous,  since  there  is  no  single 
sign  to  separate  the  hyperplastic  from  the  tuberculous.  While  it  is  true  that 
there  is  no  infallible  sign,  yet  the  experienced  surgeon  will  rarely  be  deceived 
even  in  the  early  cases  if  history,  examination,  and  tuberculin  test  (von  Pir- 
quet)  are  all  given  due  weight.  If  there  is  a  doubt,  the  case  is  kept  under  ob- 
servation for  a  month  or  2,  during  which  time  the  hyperplastic  nodes  will  rarely 
fail  to  show  improvement.  When  there  are  associated  lung  and  gland  tubercu- 
losis, opinions  will  differ  as  to  the  advisability  of  removing  the  lymphomata.  If 
the  neck  involvement  is  extensive  and  the  lung  tuberculosis  is  slight,  the  opera- 
tion may  aid  in  the  cure  of  the  lung  lesion.  Judd  records  10  operations  on 
patients  with  bacilli  in  the  sputum  and  says  that  9  of  them  were  much  improved 
by  the  operations. 

(I  entirely  agree  with  these  views. — EDITOR.) 

Operation  Through  a  Transverse  Incision. — This  is  the  operation  which  has 
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described  in  detail  by  Dowd  and  i-  the  »nc  \vc  must   frequently  nnpl«»y  at 
St.  Mary's  Hospital  for  Children  (Figs.  4,  f>  and  6). 

An  incision  is  made  through  the  skin  following  the  line  of  a  skin  crease  or 
parallel  to  one  about  2  in.  in  length  and  not  less  than  %  in.  below  the  jaw. 
The  incision  is  carried  through  the  platysma  and  fascia  and  over  the  lymph- 
nodes.  By  carrying  tin-  dissection  from  tin-  incision  up  between  the  nodes  and 
deep  fascia  the  branch  from 
the  facial  nerve  supplying 
the  triangularis  menti  mus- 
cle will  be  avoided.  The 
dissection  usually  begins 

along  the  anterior  margin  of  X§  v  \^  i  X^c^ 
the  nodes  and  is  carried  from  (J^J  (^  L,^  (^ 
there  inward,  freeing  them 
as  rapidly  as  possible  from 
the  underlying  vessels.  The 
sternomastoid  is  separated 
from  the  outer  aspect  of  the 
nodes  until  the  spinal  acces- 
sory nerve  is  reached.  Nodes 
often  completely  surround  it 
and  may  require  piecemeal 
removal.  If  the  nerve  is  not 
encountered  at  once,  where  it 
enters  the  muscle,  it  may  be 
identified  above,  where  it 
first  appears  in  the  field  of 
operation  from  beneath  the 
digastric  muscle  just  below 

the  tip  of  the  transverse  process  of  the  atlas.     This  point  is  easily  felt  in  the 
depths  of  the  wound. 

By  the  proper  use  of  retractors  different  groups  of  nodes  can  be  successively 
exposed  and  removed,  the  area  approachable  being  illustrated  in  Figure  4. 
Should  there  be  need,  as  when  an  abscess  points  behind  the  sternomastoid 
muscle,  the  incision  can  be  extended  backward  across  the  muscle,  or  it  may  be 
extended  forward  into  the  submaxillary  triangle.  In  the  great  majority  of  cases 
in  children  this  incision  gives  adequate  approach  to  all  the  enlarged  glands. 
The  removal  of  the  most  posterior  ones  makes  a  pocket  of  the  wound  behind 
the  muscle,  hence  it  is  wise  to  insert  a  drain  through  a  transverse  stab  wound 
behind  the  muscle.  A  rubber  elastic  band  makes  a  very  satisfactory  drain. 
Drainage  is  usually  indicated,  unless  the  wound  is  unusually  dry,  because  of 
the  large  dead  space,  the  many  interrupted  lymphatics  and  venous  oozing.  The 
skin  wound  is  completely  sutured  with  subcuticular  stitches,  which  may  be  of 
catgut  or  silkworm-gut.  A  large  fluff  dressing  should  be  applied  partly  to  exert 


FIG.  4. — THE  TRANSVERSE  INCISION. 


FIQ.  5. — SPINAL  ACCESSORY  NERVE  SEEN  CROSSING  TUE  OPERATIVE  FIELD. 


FIG.   6. — COURSE   OF  SPINAL  ACCESSORY  NERVE   AND  THE  VARYING  COURSE  OF  THE  FACIAL  NERVE 
FIBER  TO  THE  TRIANGULARIS  MENTJ  MUSCLE. 
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pressure  on  and  obliterate  the  cavity  and  to  art  as  a  splint  to  limit  the  motions 
of  the  head.  The  drain  will  have  served  its  purpose  in  2  days  unless  there  is 
infection. 

In  this  operation  we  attempt  the  removal  of  all  palpably  enlarged  nodes.  It 
cannot  !><•  called  thorough  in  tin  sense  that  \ve  n>c  the  term  in  speaking  of  can- 
cerous nodes,  but  in  children,  with  their  strong  tendency  to  rec« 
ence  shows  that  it  is  sufficient- 
ly radical.  The  outlying 
slightly  enlarged  nodes  may  be 
only  hyperplastic.  The  result- 
ing scar  in  a  year  will  be 
scarcely  visible  and  much  less 
conspicuous  than  even  one 
sinus  following  a  broken-down 
node.  The  time  spent  in  the 
hospital  in  the  healing  of  the 
wound  and  the  abandonment 
of  surgical  dressings  is  10  days 
to  3  weeks  in  the  non-infected 
cases.  The  operation  will 
rarely  last  longer  than  1  hour, 
and  it  will  be  better  to  post- 
pone a  dissection  of  the  oppo- 
site side  of  the  neck  till  a  later 
date.  No  important  structure 
is  divided  in  the  operation, 
blood  loss  is  usually  small  in 
amount — nothing  compared  to 
an  operation  for  adenoids  and 
tonsils.  There  should  be  prac- 
tically no  mortality.  There  was  one  death  at  St.  Clary's  in  16  years  which 
resulted  from  sloughing  of  the  jugular  and  late  secondary  bleeding. 

Operation  Through  a  Posterior  Triangle  Incision  (Charles  Mayo). — The  in- 
cision may  be  somewhat  varied  in  individual  cases,  but  usually  begins  at  the 
mastoid  tip  and  runs  downward  in  the  posterior  neck  triangle  just  in  front  of 
the  hair  line  and  trapezius  muscle ;  halfway  down  to  the  clavicle  it  curves  for- 
ward and  terminates  just  above  the  clavicle  over  the  clavicular  attachment  of 
the  sternomastoid  muscle  (Fig.  7).  The  external  jugular  vein  may  be  divided 
or  retracted  forward.  The  skin  is  undermined  to  such  an  extent  that  the  whole 
posterior  triangle  of  the  neck  is  exposed  with  its  contained  nodes.  The  posterior 
border  of  the  sternomastoid  muscle  is  identified  and  separated  from  the  nodes 
beneath  it.  We  then  isolate  the  nerve  to  the  trapezius  muscle.  It  can  be  identi- 
fied at  either  of  2  points.  Usually  one  finds  it  either  coming  from  or  coining 
from  under  the  sternomastoid  muscle  above  its  middle  and  about  */>  in.  above 


Fio.  7. — THE  POSTERIOR  INCISION 
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the  sensory  nerves  that  curve  around  its  posterior  border  and  spread  out  on  the 
muscle  (Fig.  6).  If  with  even  this  guide  to  its  location  the  surrounding  in- 
flammation confuses  us,  we  may  first  seek  the  nerve  at  its  termination  in  the 
trapezius.  It  enters  the  muscle  well  down  toward  the  shoulder,  and  if  the 
muscle  edge  is  carefully  followed,  we  cannot  fail  to  find  it  entering  the  outer 
border  in  a  region  where  the  nodes  are  not  likely  to  obscure  the  anatomy.  The 
nerve,  wherever  identified,  must  be  dissected  free  from  the  nodes  from  trapezius 
to  sternomastoid  before  the  dissection  of  the  nodes  is  begun.  The  sternomastoid 


FIG.  8a. — NODES  IN  POSITION.     Showing  line  of  incision. 


muscle  is  then  dissected  free  from  the  underlying  nodes  for  its  entire  length. 
In  order  to  do  this,  the  sensory  nerves  curving  forward  over  its  posterior  border 
must  be  divided.  They  are  not  important  and  interfere  with  the  retraction  of 
the  muscle.  When  the  muscle  has  been  freed,  it  may  be  retracted  to  a  consider- 
able distance,  not  forward,  but  outward,  away  from  the  underlying  structures. 
This  retraction  then  exposes  all  the  nodes  lying  beneath  the  muscle  and  gives 
access  to  the  nodes  in  the  back  part  of  the  submaxillary  triangle.  The  outlines 
of  the  tumor  mass  having  now  been  defined,  the  dissection  is  begun  from  below 
and  carried  upward.  A  small  piece  of  gauze  may  be  stuffed  under  the  lower 
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end  of  the  sternomastoid  muscle  for  2  purposes,  first,  to  prevent  the  entrance  of 
air,  should  a  wound  be  made  in  the  jugular  win  :  ami,  semnd,  to  cause  the  vein-. 
especially  the  internal 
jugular,  to  become  dis- 
tended, hence  more 
plainly  visible  and  less 
likely  to  be  injure.  1. 
The  whole  layer  of 
node-bearing  fascia 
with  its  small  vessels 
and  nerves  is  then  dis- 
sected away  from  the 
muscles  lying  beneath. 
We  should  be  on  the 
lookout  for  and  n o t 
injure  the  thoracic 
duct  and  phrenic 
nerve. 

When  a  large  vein  is 
cut,  pressure  with  gauze 
should  be  made  on  the 
bleeding  point  and  the 
vessels  accurately  caught 
but  not  in  a  mass  of  tis- 
sue. The  dissection  of 
the  jugular  is  done  with 
the  vessel  in  plain  view 
and  preferably  dis- 
tended. 

Its  accidental  in- 
jury is  most  likely  to 
occur  when  the  vessel 
is  collapsed,  and  espe- 
cially when  from  lat- 
eral traction  on  t  h  e 
node  mass  the  vein  is 

drawn  to  a  distance  from  its  normal  situation.  Should  the  separation  of  the 
vein  from  the  nodes  prove  impractical,  one  need  not  fear  to  excise  a  segment 
of  it.  If  a  small  wound  is  made  in  the  side  of  the  vein,  or,  what  is  more  com- 
mon, a  branch  (common  facial)  is  divided  close  to  the  vein,  we  may  repair  the 
defect  without  totally  obstructing  the  jugular.  Either  a  lateral  ligature  may 
be  applied  or  a  lateral  suture  is  attempted,  usin«r  tine  silk  threaded  on  the 
smallest  available  needles.  The  nodes  are  removed  preferably  as  one  ma- 
illustrated  in  Figure  8.  When  the  nodes  are  removed  in  their  fascia,  there  is 


Fio.  8b. — NODES  REMOVED.     Actual  size. 
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no  possibility  of  a  recurrence  in  that  region.  Should  there  be  nodes  too  far 
forward  to  be  safely  attempted  through  this  incision,  another  one  may  be  made 
to  supplement  it  in  the  submaxillary  triangle.  The  wound  is  sutured  in  2 
layers,  the  first  bringing  together  the  platysma  and  fascia  and  the  second  the 
skin.  In  the  extensive  dissections  a  drain  should  be  inserted  either  in  the 
lower  angle  of  the  wound  or  a  stab  wound  may  be  made  for  the  purpose  at  the 
lowest  point  of  the  dissected  cavity  near  the  clavicle  and  some  distance  behind 
the  incision.  We  prefer  rubber  elastic  bands  for  drainage.  Rubber  tubes  may 
give  rise  to  dangerous  pressure.  The  purpose  of  a  drain  is  to  remove  the  blood 
and  lymph  which  collect  in  the  first  few  hours ;  hence  the  drain  may  be  removed 
at  the  first  dressing  and  left  out  unless  there  is  infection.  A  voluminous  gauze 
dressing  is  applied,  which  by  its  uniform  pressure  tends  to  check  oozing  and 
obliterate  the  space. 

Judd  (21)  reports  649  cases  operated  on  by  this  method.  The  patients  were 
nearly  all  adults.  The  method  is  unnecessarily  radical  for  most  cases  of  tu- 
berculous glands  of  children. 

Operation  for  Tuberculous  Abscess  Communicating  with  a  Tuberculous  Gland. 
—It  frequently  happens  that  a  tuberculous  node  at  the  angle  of  the  jaw  or  else- 
where and  lying  beneath  the  fascia  swells  up  and  becomes  distended  with 
tuberculous  pus,  the  node  adheres  to  the  fascia,  and  finally  the  pus  in  the  node 
perforates  its  own  capsule  and  the  overlying  fascia  to  form  an  abscess  between 
the  fascia  and  the  skin.  At  first  the  skin  is  uninvolved,  the  abscess  is  not  tender, 
and  is  often  mistaken  for  a  "gland"  under  the  skin.  In  time,  however,  the  skin 
becomes  involved,  the  abscess  ruptures,  and  a  sinus  results,  often  continuing  for 
months.  When  it  finally  heals  it  leaves  a  puckered,  disfiguring  scar  because  of 
the  sloughing  of  skin  and  underlying  tissue.  Other  glands  may  follow  the  same 
course  and  in  the  event  of  a  final  cure  there  are  numerous  scars,  all  of  a  rather 
conspicuous  type. 

When  a  swelling  is  found  in  the  course  of  an  operation  to  be  an  abscess, 
many  surgeons  content  themselves  with  scooping  out  the  abscess  and  allowing 
it  to  heal  down  to  a  sinus,  considering  that  both  sinus  and  abscess  contra-indicate 
the  removal  of  glands.  That  the  dissection  is  rendered  more  difficult  by  sinus  or 
abscess  is  undoubtedly  true.  On  the  other  hand,  it  is  wiser  to  consider  a  begin- 
ning abscess  an  indication  for  immediate  operation  before  the  skin  is  involved. 

Consider  the  abscess  to  be  located  in  a  child  just  behind  the  angle  of  the  jaw, 
its  commonest  site.  The  skin  incision  is  made  transversely  over  the  tumor  and 
the  parts  are  dissected  away  as  far  as  possible  from  the  abscess  without  breaking 
it.  When  it  is  opened  the  contents  are  wiped  away  and  the  opening  in  the  depth 
of  the  abscess  through  the  fascia  into  the  node  is  demonstrated — this  will  often 
no  more  than  admit  a  probe  (Eig.  9).  The  whole  abscess  wall  is  then  excised, 
including  some  of  the  fibers  of  the  platysma  and  sternomastoid.  When  the  in- 
flammatory tissue  has  all  been  removed,  we  proceed  with  the  dissection  of  the 
underlying  glands  as  though  there  had  been  no  abscess.  In  these  cases  the 
wound  can  be  closed  as  in  the  cases  without  abscess,  and  the  resulting  scar  will 
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be  inconspicuous.  If,  however,  the  skin  has  been  thinned  out  (and  the  dissec- 
tion of  the  abscess  thins  it  still  more),  we  may  as  well  leave  the  wound  open 
and  drain,  for  some  of  the  skin  will  slouch,  lly  the  method  of  abscess  excision 
rather  than  incision  we  avoid  sinus  formation  and  disfiguring  scars  and  shorten 
the  time  of  treatment  at  the  expense  only  of  a  comparatively  difficult  dissection. 
If  the  abscess  is  very  large,  it  is  wiser  not  to  attempt  the  <li— c.-tion  but  to  !>:• 
content  to  drain  the  abscess  and  to  operate  later  in  the  >taiie.  of  persi.-tent  sinus. 
Figures  13  and  Ifi  show  results  of  excising  nude-  and  abscess. 

Operation  Where  a  Sinus  Leads  to  a  Tuberculous  Node. — One  frequently  sees 
the  advice  «;iven  not  to  operate  for  the  removal  of  glands  until  all  sinuse* 
are  healed.  This  advice,  if 
followed,  often  unnecessarily 
prolongs  the  period  of  treat- 
ment.  It  is  true  that  the 
sinus  may  be  the  seat  of  a 
mixed  infection,  but  the  bac- 
terial species  are  not  usually 
virulent,  as  the  results  of 
operation  show. 

After  waiting  until  all 
acute  inflammation  subsides, 
we  scrape  away  the  infected 
tissue  about  the  sinus  as  far 
as  possible,  paint  the  area 
with  iodin,  and  with  clean  in- 
struments proceed  with  the 
dissection  of  the  sinus.  As 
far  as  possible  we  dissect  out- 
side the  sinus  until  we  come 
to  an  infected  node  and  re- 
move both  node  and  sinus  to- 
gether. We  anticipate  a  mild 
grade  of  infection  in  such 
cases  by  inserting  a  drain  in 
the  wounds. 

When  glands  have  been  removed  thoroughly,  there  is  usually — but  not  al- 
ways— prompt  wound  healing.  The  soft  parts  may  become  tuberculous,  the 
whole  wound  open,  or  the  tubercle  may  spread  in  the  skin.  For  these  conditions 
all  the  antiseptic  powders  and  ointments  in  the  pharmacopeia  have  had  their 
advocates.  The  favorite  probably  has  been  iodoform.  Of  this  I  make  no  use, 
its  disagreeable  qualities  outweighing  its  supposed  virtues.  However,  its  virtue 
was  assumed  to  lie  in  its  iodin  content,  and  one  can  use  iodin  locally  with  good 
effect  by  irrigating  the  wound  with  a  weak  solution  of  it  or  by  applying  the  un- 
diluted tincture  on  an  applicator. 


FIG. 


9. — SUBCUTANEOUS    ABSCESS    COMMUNICATING 
A  SUBFASCIAL  TUBERCULOUS  NODE. 


400  SURGERY    OF    THE    NECK 

The  action  of  sunlight  has  been  extolled  for  its  effect  on  the  tubercle  bacillus 
and  tuberculous  processes.  One  will  find  no  more  favorable  field  for  trying  it 
than  the  lupus-like  condition  surrounding  a  sinus.  The  dressings  should  be 
removed  and  the  patient  should  be  allowed  to  sit  or  lie  beside  a  window,  or,  bet- 
ter, out  of  doors  with  his  sinuses  exposed  to  the  direct  rays  of  the  sun. 

Results  of  Operative  Treatment. — The  accompanying  photographs  illustrate 
some  of  the  aspects  of  the  operative  treatment.  Figures  10  and  11  show  the  2 
sides  of  a  child's  neck.  The  left  side  shows  the  inconspicuous  scar  of  the  early 
excision  of  nodes  with  primary  wound  healing.  The  right  side  is  much  disfig- 
ured by  the  scars  of  suppuration,  one  of  which  is  above  the  border  of  the  jaw 
and  has  involved  the  lower  branch  of  the  facial  nerve  with  resulting  disagree- 
able deformity  of  the  mouth  (Fig.  14).  She  has  had  no  recurrence  of  glands  in 
4  years  and  has  marvelously  improved  in  health. 

Figure  13,  a  photograph  taken  2  years  after  operation,  shows  the  result  of 
excision  of  a  tuberculous  abscess  and  the  accompanying  nodes.  The  surgical 
care  in  this  case  occupied  10  days.  The  patient's  weight  at  the  time  of  opera- 
tion was  63  pounds,  three  years  later  he  is  well  and  weighs  80  pounds.  Figure 
16  shows  a  boy  operated  on  2  years  ago  for  glands  with  accompanying  abscess. 
Figure  17  shows  the  result  of  operation  on  a  boy  whose  nodes  extended  from  the 
jaw  to  the  clavicle.  They  were  removed  through  a  posterior  incision,  like  those 
shown  in  Figure  8  B  with  the  node-bearing  fascia. 

Figure  12  was  taken  2  weeks  after  operation  on  a  girl,  and  shows  the  trans- 
verse operation  wound  and  also  the  openings  of  2  sinuses  that  had  persisted 
some  months.  Following  the  operation  the  sinuses  healed  promptly,  leaving 
puckering  scars. 

Figure  14  shows  a  paralysis  of  half  the  lower  lip  resulting  from  injury  to 
the  ramus  marginalis  mandibube.  During  smiling  the  lip  is  drawn  between  the 
teeth,  where  it  is  frequently  bitten  on  closing  the  jaws. 

The  man  with  the  drooping  shoulders  (Fig.  15)  was  shown  by  Dr.  A.  S. 
Vosburgh  before  the  New  York  Surgical  Society  as  illustrating  the  bad  effects 
that  may  follow  division  of  the  spinal  accessory  nerve.  The  man's  neck  shows 
the  scars  of  several  operations  for  tuberculous  nodes  and  a  resulting  paralysis 
of  both  trapezius  muscles.  It  is  not  certain  that  the  paralysis  is  entirely  due  to 
the  severance  of  the  trapezius  branch  of  this  nerve,  but  may  have  been  con- 
tributed to  by  injury  to  muscular  branches  of  the  cervical  plexus.  This  man's 
shoulders  drop  forward  and  give  him  winged  scapulse  and  the  clavicles,  instead 
of  being  inclined  outward  and  upward,  have  a  decided  downward  inclination. 

In  the  results  of  operative  treatment  we  have  to  consider  mortality,  scar- 
ring, multiple  operations,  and  ultimate  cure.  The  selection  of  non-operative 
treatment  for  the  prevention  of  a  scar  is  based  on  a  fallacy,  as  there  is  neither 
assurance  nor  probability  that  the  non-operative  treatment  will  prevent  a  scar  or 
multiple  scars.  The  early  operation  through  an  incision  in  the  skin  folds  offers 
the  best  prognosis  in  this  regard.  Some  of  the  photographs  (Figs.  11-16)  il- 
lustrate the  inconspicuousness  of  the  scar.  In  adults  the  scar  is  to  be  less  con- 


FIG.  10. — SCARS  FROM  SUPPURATING  NODES. 


FIG.    11. — INVISIBLE    SCAR.     EXCISION   OF   GLANDS 
WITH  PRIMARY  WOUND  HEALING. 


FIG.  12. — TUBERCULOUS  SINUSES. 


FIG.  13. — Two  YEARS  AFTER  GLAND  AND  ABSCESS 
EXCISION. 
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sidered,  its  impm-iimcc  is  slight  in  cMmpan^Mii  with  ridding  the  body  of  its 
tuberculous  focus  in  a  reasonable  time. 

Few  of  what  may  be  called  major  operations  have  as  low  a  mortality  as  that  for 

tuberculous  cervical  glands,     .hid. I  (21)   n  ports  no  op.  foftthi  among  649  . 

tions,  chiefly  on  adults.  Muller  from  Philadelphia  n  -ports  100  operations  on  adults 
and  children  wit  limit  mortality.  At  St.  Mary's  Ho>pital  for  Children  wi-  have  had  1 
death  from  a  late  secondary  hemorrhage  amon^r  over  :>(X)  operations  on  children.  Dowd 
reports  one  death  from  embolism  among  7>  adult*.  My  only  operative  death  occurred 
in  an  adult.  The  operation  was  performed  under  light  chloroform  anesthesia  and 
lasted  20  minutes.  The  mass  of  glands  was  discrete  above  the  clavicle,  and  the  size 
of  one's  fist.  The  patient  developed  an  irregular  pneumonia,  presumably  tuberculous, 
and  died  in  a  week. 

Muller  reports  9  recurrences  among  67  adults  and  children.  Judd  reports  8.6 
per  cent,  of  recurrences  among  his  patients — chiefly  adults.  Dowd  reports  320  children, 
2  to  17  years  old,  75  per  cent,  of  whom  remained  free  from  recurrences.  An  isolated 
easily  palpable  node  anywhere  in  the  neck  was  considered  a  recurrence. 

Dowd  thinks  that  90  per  cent,  of  children  are  cured  by  operation  and  with  this 
figure  I  am  disposed  to  agree.  I  have  been  able  to  follow  to  date  12  cases  in  children 
in  private  practice.  The  most  recent  of  these  was  operated  on  over  a  year  ago.  Eight 
had  rached  the  abscess  stage.  All  are  alive  and  apparently  cured.  Only  1  has  re- 
quired a  second  operation.  That  one  had  had  her  glands  persistently  poulticed  and 
skin  and  muscle  were  extensively  infiltrated  with  tuberculosis.  A  sinus  persisted  for 
some  months  and  was  re-operated  on  at  a  time  when  a  small  group  of  glands  was 
removed  from  the  other  side  of  the  neck.  These  children  have  had  better  food  and 
care  than  the  average  hospital  case.  The  results  of  treatment  at  St.  Mary's  Hospital 
for  Children  can  be  considered  a  very  good  test  of  the  operative  treatment  in  children 
for  after  from  2  to  4  weeks  in  the  hospital  they  go  back  to  the  poverty  and  other  bad 
conditions  in  which  they  acquired  the  disease  and  get  no  further  medical  treatment. 
Dowd  has  followed  up  these  cases  as  far  as  possible  for  a  period  of  1  to  12  years  and, 
as  said  before,  considers  that  90  per  cent,  are  cured,  approximately  75  per  cent,  of 
them  as  a  result  of  a  single  operation. 


SUMMARY  OF  SURGICAL  TREATMENT 

1.  Operative  deaths  in  cases  of  cervical  lymphomata  are  under  1  per  cent. 

2.  The  results  of  treatment — and  this  applies  to  the  surgical  as  well  as  other 
treatment — is  better  in  children  than  adults. 

3.  Surgery  shortens  materially  the  length  of  treatment  and  danger  of  dis- 
semination of  the  disease. 

4.  Best  surgical  results  will  be  obtained  by  complete  removal  of  affected 
glands  in  early  cases. 

5.  In  children  one  need  not  dissect  out  the  whole  gland-bearing  fascia  but 
confine  operation  to  the  removal  of  all  palpable  nodes. 

6.  The  operation  is  usually  done  without  injury  to  any  important  anatomical 
structure. 

7.  Injury  to  the  facial  nerve  branch  supplying  the  triangularis  menti  muscle 
causes  a  disagreeable  deformity  of  the  mouth,  which  is  probably  permanent  in 
cases  where  the  nerve  has  been  actually  divided  and  not  simply  stretched.    Division 
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of  the  spinal  accessory  nerve  causes  a  drooping  of  the  shoulder  in  a  portion  of  the 
cases. 

8.  Freedom  from  recurrence  is  the  rule  both  in  adults  and  children.    Recur- 
rence is  the  exception,  but  even  in  the  recurrent  cases  cure  usually  follows  a 
second  or  third  operation.    This  applies  only  to  thorough  surgery  and  not  to  the 
draining  of  abscesses  or  curetting  of  individual  nodes. 

9.  The  operation  is  much  less  difficult  before  an  abscess  or  sinus  has  formed. 
To  the  patient  this  means  more  complete  work,  a  shorter  operation  and  better 
chance  of  prompt  healing  with  small  scar  and  slight  danger  of  recurrence.  .  To  the 
surgeon  it  means  an  easier  operation  in  a  shorter  time. 


CYSTS  AND  TUMORS  OF  THE  NECK 

1.     BENIGN    GROWTHS 

True  Tumors. — If  we  exclude  cysts  and  inflammatory  enlargements  of  the 
neck,  we  find  that  the  true  tumors  are  quite  infrequent  in  this  region.  The  most 
frequent  of  these  is  lipoma,  located  near  the  shoulder  or  just  under  the  jaw. 
Fibroma  is  found  as  a  skin  tumor  or  keloid  and  now  and  then  on  the  ligamentum 
nuchi. 

The  benign  tumors  rarely  cause  pressure  symptoms  (we  are  excluding  from 
consideration  the  thyroid  tumors),  and  are  removed  for  their  disfigurement 
only.  Their  removal  is  usually  made  through  a  small  transverse  incision,  that 
is,  one  approximating  very  accurately  the  normal  skin  folds.  The  tumors  are 
grasped  by  forceps  and  by  means  of  blunt  dissection  are  removed  without  di- 
viding any  important  structures.  The  blunt  dissection,  when  the  incision  is 
small,  can  be  made  by  inserting  the  points  of  a  closed  pair  of  scissors  into  the 
connective  tissue  planes  and  opening  tbem.  The  separation  will  follow  normal 
cleavage  planes  and  rarely  injures  veins.  By  ligature  and  pressure  we  thor- 
oughly dry  the  wound,  put  a  few  buried  sutures  in  to  approximate  the  fascia 
and  platysma,  then  suture  the  skin  with  a  subcuticular  stitch  of  fine  catgut  or 
silkworm-gut.  When  the  wound  is  small,  we  may  use  sterile  narrow  strips  of 
adhesive  plaster  instead  of  skin  sutures.  The  stretching  of  scars  is  lessened  by 
making  our  skin  incisions  as  far  as  possible  in  the  direction  of  skin  creases,  by 
bringing  the  subcutaneous  tissues  well  together  so  that  there  shall  be  no  tension 
on  the  skin  edges,  and  by  obtaining  primary  union. 

Hygroma  Colli. — This  cyst  or  tumor,  for  it  somewhat  resembles  a  tumor,  is 
found  most  frequently  at  the  lower  part  of  the  neck  just  above  the  clavicle,  and 
is  in  intimate  relation  with  the  veins  in  this  region.  Even  the  smaller  ones  fre- 
quently extend  below  the  clavicle  and  may  be  very  closely  connected  with  the 
axillary  vein.  Their  removal  should  be  attempted  through  a  generous  incision, 
and  one  should  make  every  effort  to  dissect  them  out  without  rupturing  their 
walls.  When  once  a  compartment  of  the  cyst  has  been  evacuated  the  endothelial 
wall  becomes  harder  to  recognize.  Remnants  left  are  sure  to  cause  recurrence 


FIG.  14. — PARALYSIS  OF  TRIANGULARIS  MENU 

MUSCLE. 


FIG.   15. — BILATERAL  TRAPEZICS  PARALYSIS 


FIG.  16. — EXCISION  OF  TUBERCULOUS  ABSCESS. 


FIG.   17. — EXTENSIVE  GLAND  DISSECTION. 
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of  the  cyst  with  the  certainty  that  the  second  operation  will  be  more  difficult 
than  the  first.     Extension*  under  the  clavicle  may  make  it  necessary  to  divide 
the  pectoralis  major.    The  large  veins  are  easily  injured  because  when  flat- 
out  over  the  tumor  they  look  surprisingly  like  its  wall. 

Thyroglossal  Cysts  and  Sinuses.  --Those  occupy  three  positions:  (1)  Be- 
tween the  foramen  cecum  of  the  tongue  and  the  hyoid  hone;  ( -2  i  between  hyoid 
;ind  larynx;  (3)  below  the 
larynx  lying  on  the  trachea. 
The  second  variety  is  much 
the  most  common.  The 
growths  appear  as  cysts 
which  approach  the  skin  and 
rupture  or  are  incised  so 
that,  as  a  rule,  the  surgeon 
has  a  sinus  rather  than  a  cyst 
to  treat.  Suppuration  may 
complicate  the  operation. 

TECHNIC  OF  OPERATION. 
—If  it  is  feared  that  the 
sinus  will  be  hard  to  recog- 
nize, one  may  inject  it  with 
a  strong  solution  of  methyl 
blue  or  tincture  of  iodin,  but 
this  is  not  usually  necessary. 
An  incision  is  made  prefer- 
ably transversely  and  sur- 
rounding the  scar  or  sinus. 
The  edges  of  the  sternohyoid 
muscles  are  identified  and 
retracted.  The  sinus  is 
caught  and  held  with  for- 
ceps. One  follows  its  per- 
iphery, separating  it  from  the 
surrounding  fat  by  sharp  or 

gentle  blunt  dissection,  being  as  careful  as  possible  not  to  tear  the  superficial 
from  the  deep  portion.  The  sinus  will  be  felt  to  run  inward  toward  the  lower 
edge  of  the  hyoid  bone.  When  that  point  is  reached,  it  will  be  found  good 
practice  not  to  cut  off  the  sinus  close  to  the  bone,  but  to  cut  away  the  lower 
border  of  the  bone  with  the  sinus.  This  is  usually  easy,  for  most  of  these  opera- 
tions are  on  children  and  the  cartilaginous  hyoid  is  easily  out.  This  is  the  only 
way  to  be  sure  that  the  very  bottom  of  the  sinus  has  been  reached.  As  the 
sinuses  are  infected,  it  is  usually  best  to  leave  a  small  drain  in  the  wound. 

Median  cysts  below  the  larynx  and  lying  in  the  episteraal  notch  between  the 
thyroid  lobes  are  exceedingly  uncommon.     They  can  be  shelled  out  until  a 


FIG.   18. — HYGROMA  COLLI. 
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pedicle  is  reached  attaching  them,  presumably,  to  the  thyroid  isthmus.     This 
pedicle  will  have  to  be  divided. 

The  cysts  below  the  foramen  cecum  are  called  by  Bland  Button  "lingual 
dermoids."  At  times  they  are  small  and  lie  just  under  the  foramen  cecum  pro- 
ducing a  swelling  in  this  region.  They  can  be  incised  on  the  back  of  the  tongue, 
but  excision  is  difficult.  The  larger  ones  push  the  tongue  out  of  the  mouth  and 

can  be  felt  between  the 
mandible  and  the  hyoid 
bone.  They  must  be 
attacked  from  below. 
The  incision  may  be  in 
the  median  line,  but 
more  room  will  be  had 
by  making  a  curved  in- 
cision parallel  with  the 
jaw.  It  may  be  neces- 
sary to  empty  the  cyst 
to  get  at  the  deeper  por- 
tions, but,  if  so,  great 
care  must  be  exercised 
not  to  leave  any  portion 
of  the  wall  of  the  cyst. 
The  firmest  attachments 
have  been  found  to  the 
hyoid  bone  and  foramen 
cecum. 

Cervical      Auricles : 

¥to  'jlljif  Branchial  Cysts  and  Fis. 

j  tulae. — T  he  second, 

Fio.  19.— SUBHYOID  THYROGLOSSAL  CYST.  third,  and  fourth  bran- 

chial  clefts   have   their 

external  orifices  along  the  anterior  margin  of  the  sternomastoid  muscle.  The 
opening  of  the  second,  the  one  causing  the  most  trouble,  is  at  about  the  level 
of  the  angle  of  the  jaw;  internally  it  opens  into  the  space  in  which  the  tonsil 
is  lodged.  If  there  is  a  fistula,  its  removal  with  closure  of  the  pharyngeal 
opening  will  tax  the  resources  of  the  most  careful  dissector.  The  tract  has 
been  usually  described  as  passing  into  the  pharynx  between  the  external  and 
internal  carotid  arteries.  The  third  and  fourth  clefts  enter  the  upper  part  of 
the  larynx  and  their  removal  is  attended  with  the  greatest  danger  to  the 
superior  laryngeal  nerve.  The  cysts  of  the  second  cleft  are  comparatively  com- 
mon and  are  difficult  to  distinguish  from  a  node  in  the  same  situation,  for  their 
wall  is  thick,  being  composed  of  fibrous,  lymphoid,  and  epithelial  coats.  Their 
operative  removal  does  not  differ  from  the  operation  for  a  tuberculous  lymph- 
node. 
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The  brancliial  siim-e.^  nju-nin^  externally  JUT  often  hut  slightly  disfijruring, 
and  had  then  better  bo  left  alone,  for  the  scar  of  operation  will  be  more  notice- 
able than  the  small  skin  depression  representing  tin-  branchial  cleft.  Tabs  of 
skin  and  cartilage  (called  cervical  auricles)  are  rarely  seen  in  the  neck,  but  are 
frnjuently  seen  as  "accessory  auricles"  just  in  front  of  the  ear.  They  offer  no 
surgical  difficulties  except  when  associated  with  .-in uses. 

CASE. — A  woman  was  operated  on  6  years  ago  for  a  cystic  swelling  beneath  th<- 
ear.  A  sinus  resulted.  At  a  second  operation  an  unsuccessful  effort  was  made  to  ex- 
cise the  sinus.  The  facial  nerve  was  injured  and  sutured.  A  sinus  again  remained 
which  in  the  past  6  years  has  never  discharged  much  and  has  occasionally  healed.  At 
the  third  operation  the  sinus  was  easily  followed  and  led  to  a  mass  lying  between  the 
cartilaginous  auditory  eanal  and  the  mandible.  On  removal  it  was  found  to  be  com- 
posed of  cartilage  lined  with  skin  and  presinnal.lv  n-pn-i-nt.-d  an  accessory  auricle; 
indeed,  it  much  resembled  the  concha  of  an  ear. 

Tumor  of  the  Carotid  Body. — This  rare  tumor  presents  unusual  difficult  ie- 
to  the  surgeon,  and  should  one  encounter  it  without  having  suspected  the  diag- 


Fio.  20. — TUMOR  OF  THE  CAROTID  BODY.     Note  hemiatrophy  of  the  tongue. 

nosis  the  experience  will  not  soon  be  forgotten.  So  many  have  now  been  de- 
scribed and  the  symptoms  are  so  characteristic  that  one  should  at  least  have  its 
possibility  in  mind  when  one  or  more  of  its  features  are  presented  by  a  patient. 
The  tumor  originates  at  the  carotid  bifurcation  and  tends  to  grow  upward 
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toward  the  base  of  the  skull.  As  it  originates  in  the  carotid  sheath  the  pneu- 
mogastric,  hypoglossal,  and  sympathetic  nerves  suffer  early.  Unlike  tumors  of 
lymph-nodes  in  the  same  region,  it  tends  to  displace  the  pharyngeal  wall  inward. 
These  tumors  are  so  vascular  that  a  bruit  and  expansile  pulsation  have  led  to 
their  being  mistaken  for  aneurysm.  The  difficulties  of  operation  are  in  no  way 
commensurate  with  the  size  of  the  growth. 

The  incision  should  be  a  long  one  at  the  anterior  border  of  the  sternomastoid. 
As  soon  as  the  tumor  is  exposed,  an  effort  should  be  made  to  determine  its 
operability  before  such  profuse  bleeding  is  encountered  that  one  cannot  abandon 
the  operation  without  ligation  of  the  carotid.  In  most  of  the  cases  all  3  carotids 
have  required  ligation.  The  common  is  ligated  first,  then  the  external,  and 
finally  the  internal,  at  the  base  of  the  skull,  though  one  will  be  fortunate  if  the 
growth  has  not  extended  along  this  so  far  that  there  is  no  room  for  ligation  of 
the  vessel  above  the  growth.  The  ligation  of  the  carotid  has  such  a  high  mor- 
tality that  one  would  hesitate  to  do  it  except  in  the  young. 

The  dangers  of  the  operation  are  (1)  an  immediate  mortality  of  25  per 
cent.  (DaCosta,  9)  ;  (2)  softening,  hemiplegia,  etc.,  from  carotid  ligation;  (3) 
injury  to  the  hypoglossal,  pneumogastric,  and  sympathetic  nerves. 

In  my  case  (Fig.  20),  though  the  tumor  was  not  large,  the  operation  was 
abandoned  when  it  was  found  that  the  pharyngeal  wall  (with  tonsil),  the  above- 
mentioned  nerves,  all  the  carotids,  and  the  internal  jugular  vein  would  have 
been  sacrificed  in  removing  the  tumor.  The  patient  is  now  (2%  years  later) 
fairly  well  and  able  to  work,  though  suffering  from  slight  neuralgia.  The 
growth  has  increased  about  %  in  size. 

In  the  young,  when  the  tumor  is  small,  radical  extirpation  should  be  at- 
tempted ;  in  older  patients,  especially  when  vessels  are  atheromatous,  rendering 
carotid  ligation  dangerous,  it  will  be  wiser  not  to  operate.  The  tumors  may 
grow  slowly  for  years,  but  ultimately  will  assume  malignant  characters.  In  the 
patient  shown  in  Figure  20  the  pupils  are  unequal,  the  left  side  of  the  tongue 
paralyzed  and  atrophic,  and  the  voice  is  impaired  by  recurrent  laryngeal 
paralysis.  There  is  a  bruit  like  an  aneurysm  over  the  tumor  which  is  due  to  the 
nature  of  the  tumor  and  not  simply  transmitted  from  the  carotid,  as  was  shown 
in  Lilienthal's  case,  where  an  expansible  pulsation  and  bruit  were  present  in  a 
recurrent  tumor,  though  all  the  carotids  had  been  removed  at  the  original 
operation. 

2.     MALIGNANT  TUMORS  OF  THE  NECK 

In  the  neck  malignant  disease  finds  one  of  its  favorite  seats.  It  occurs 
usually  as  an  epithelioma  of  the  soft  parts,  and  especially  of  lymphatic  struc- 
tures. We  see  it  chiefly  in  3  locations. 

A.  Growths  beginning  in  the  submaxillary  region  and  constituting  the  lym- 
phatic extension  from  growths  primary  in  lips,  tongue  and  jaws. 

B.  Growths  appearing  primary  in  the  neck.    It  is  not  unusual  to  find  a  car- 
cinomatous  mass  beneath  the  sternomastoid  and  infiltrating  it,  with  no  primary 


CYSTS    AM)    'IT.MOKS    OK    Till-     NECK  W7 

growth  on  skin  or  mucosa.  Some  of  these  growths  give  microscopic  evidence  of  a 
branchial  origin.  They  are  usually  at  the  level  of  the  larynx. 

C.  Growths  above  the  clavicle,  first,  as  an  extension  from  the  axilla  and, 
second,  as  metastases  from  the  stomach  and  esophagus. 

Malignant  disease  in  this  region  presents  some  special  features.  The  time 
of  involvement  of  nodes  of  the  neck  .secondary  to  primary  growths  on  the  lica«l 
varies  much  with  the  kind  of  growth  and  location  of  the  focus.  While  rodent 
ulcer  about  the  nose,  eye,  and  temple  is  usually  very  slow  to  extend  by  the 
lymphatics,  that  of  the  mucous  membranes  around  the  mouth  and  of  the  skin 
of  the  lower  face  is  quite  rapid.  One  should  assume  that  the  submaxillary  nodes 
are  already  involved,  even  where  they  are  not  enlarged  in  these  cases.  We  are 
constantly  seeing  patients  with  carcinoma  in  one  or  both  sides  of  the  ncek  with 
no  epithelioma  apparent,  but  who,  on  l»ein<:  <|ue>tioued  about  a  scar  of  the  lip, 
tell  us  of  a  "wart"  or  "ulcer"  of  the  lip  that  was  "cured"  a  year  or  2  before  by 
caustics.  These  patients  often  appear  quite  skeptical  when  told  that  the  t\v«» 
conditions  are  related.  When  an  epithelioma  (basal-celled  carcinoma)  at  the 
side  of  the  nose  is  successfully  treated  by  radium.  X-ray,  caustic,  or  local  ex- 
cision, tbe  inexperienced  are  prone  to  extend  such  treatment  to  the  more  highly 
malignant  growths  of  the  lip. 

We  are  encouraged  to  attempt  quite  extensive  excisions  in  the  neck  in  these 
cases  because,  as  emphasized  by  Crile,  we  have  not  to  fear  generalization  of  the 
growth,  but  only  local  extension.  For  example,  the  malignant  adamantinoma, 
while  locally  destructive  and  extending  below  the  jaw,  has  in  only  1  case  been 
described  as  producing  distant  metastases. 

When  we  remove  a  growth  of  the  face,  it  is  not  usually  necessary  to  remove 
the  lymphatics  extending  from  tbe  region  of  the  growth  to  tbe  first  involved 
nodes.  Experience  shows  that  the  recurrence  takes  place  at  the  site  of  the  orig- 
inal growth  or  in  the  lymph-node  area,  but  not  in  the  soft  parts  between,  except 
rarely. 

In  the  removal  of  these  metastatic  cancers  of  the  upper  nook,  as  has  boon 
emphasized  by  Crile  (7,  8),  the  operation  in  each  case  should  be  modified  ac- 
cording to  the  needs  of  the  particular  case  and  should  not  be  made  to  adhere 
closely  to  tbe  steps  of  an  operation  as  described  by  any  one. 

Before  describing  tbe  operative  details,  we  may  call  attention  to  somo  of  tho 
structures  which  at  times  are  involved  in  the  growth,  but  which  we  are  tempted 
to  spare  at  operation. 

Tbe  external  jugular  vein  can  be  removed  without  any  sequelae,  even  if  tbe 
internal  jugular  also  has  to  be  sacrificed.  The  internal  jugular  is  at  times  so 
incorporated  in  the  cancerous  mass  that  its  removal  is  necessary.  Time  will  be 
saved  by  ligating  it  promptly  above  and  below  and  proceeding  with  its  removal 
witb  the  tumor  rather  than  attempting  to  separate  them  when  adherent.  The 
external  carotid  artery  can  be  ligated  with  impunity  whether  it  is  involved  in 
the  tumor  or  only  ligated  to  control  bleeding.  The  same  cannot  be  said  of  the 
internal  or  common  carotid.  The  ligation  of  the  common  carotid  has  a  20  per 
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cent,  mortality,  and  softening  and  paralysis  may  result  even  if  death  does  not. 
Cancers  which  cannot  be  removed  without  ligating  the  common  carotid  had 
better  be  classed  as  inoperable. 

The  division  of  the  hypoglossal  and  spinal  accessory  nerves  need  give  no 
concern.  This  cannot  be  said  of  the  pneumogastric.  As  to  the  seriousness  of 
its  removal  opinions  differ.  When  the  nerve  is  infiltrated  with  cancer  it  may  be 
presumed  that  its  function  is  already  in  abeyance  and,  as  in  one  of  my  cases,  no 
symptoms,  either  immediate  or  remote,  may  follow  its  extirpation.  In  such 
cases  there  is  sure  to  be  a  paralysis  of  the  vocal  cord  before  operation.  When 
not  previously  involved  it  would  seem  that  division  of  both  superior  and  inferior 
laryngeal  nerves  would  surely  predispose  to  an  inspiration  pneumonia.  The 
division  of  the  cervical  sympathetic  has  certain  immediate  effects  on  the  circula- 
tion in  the  corresponding  side  of  the  head  and  on  the  pupil.  The  circulatory 
effects  are  not  serious  or  permanent. 

Operation  for  Tumor  of  the  Submental  Region. — Tumors  of  the  middle  of 
the  lower  lip  call  for  cleaning  out  of  this  section  of  the  neck.  Judd  describes 
an  operation  as  follows : 

An  incision  is  made  parallel  to  the  lower  border  of  the  mandible  and  l1/^ 
inches  below  it  extending  from  one  sternomastoid  muscle  to  the  other.  When 
the  superficial  tissues  are  undermined  and  the  edges  of  the  wound  retracted  the 
submental  and  anterior  submaxillary  regions  are  exposed,  the  dissection  of  the 
fascia  with  its  contained  glands  begins  below  at  the  hyoid  bone  and  extends 
upward.  The  submaxillary  salivary  glands  should  be  removed  in  all  such  dis- 
sections because  they  are  too  intimately  related  to  the  infected  nodes  to  justify 
leaving  them.  As  one  approaches  the  jaw  he  should  be  sure  to  make  his  division 
of  tissues  well  above  the  infected  nodes,  if  necessary,  removing  the  periosteum 
of  the  jaw  with  the  mass.  Should  it  be  necessary  to  make  the  operation  more 
extensive,  an  additional  incision  may  be  made  from  one  end  of  the  foregoing 
incision  along  the  anterior  border  of  the  sternomastoid,  but  this  incision  is  rec- 
ommended only  as  giving  a  good  approach  to  both  submental  regions. 

Operation  for  Carcinoma  Below  or  Adherent  to  the  Lower  Border  of  the 
Mandible. — An  incision  should  be  made  which  will  give  a  good  exposure  of  the 
parts  concerned.  Butlin's  incision  follows  the  line  of  the  sternomastoid  and 
has  another  at  right  angles  to  it  extending  forward  to  the  chin.  Kocher's  in- 
cision followed  the  line  of  the  anterior  belly  of  the  digastric  from  the  chin  to  the 
hyoid,  then  extended  along  the  hyoid  bone,  thence  upward  to  the  ear  along  the 
sternomastoid.  When  a  sufficient  incision  has  been  made,  the  skin  should  first 
be  freed  from  the  outer  surface  of  the  underlying  tissues  up  to  and  slightly 
above  the  border  of  the  jaw.  The  whole  outer  surface  of  the  parts  to  be  re- 
moved should  now  be  entirely  in  view.  We  are  now  to  excavate  the  submaxillary 
triangle  of  all  contained  areolar  tissue  in  which  fat,  nodes,  and  submaxillary 
salivary  gland  are  imbedded.  The  dissection  is  usually  begun  below,  well  below 
any  enlarged  glands,  and  carried  from  there  upward,  leaving  the  muscular  floor 
of  the  space  cleared  of  all  connective  tissues.  As  the  dissection  proceeds,  the 
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mass  is  turned  outward  and  the  dissection  carried  up  under  the  jaw.  The 
facial  and  lingual  arteries  are  usually  ligated,  the  former  a  second  time  when 
it  crosses  the  jaw.  The  common  facial  vein  will  also  be  ligated.  The  sub- 
maxillary  salivary  duct  is  drawn  out  and  ligated  as  near  the  mouth  as  possible. 
The  last  part  of  the  dissection  is  that  of  the  mass  from  the  jaw.  Cancerous 
nodes  may  lie  between  the  salivary  gland  and  the  jaw,  being  firmly  glwd  to  tin- 
periosteum.  If  there  is  a  suspicion  of  involvement.  remove  the  platysma  and 
the  periosteum  of  the  mandible  with  the  mass  or  chisel  away  the  lower  bonli-r 
of  the  bone.  The  skin  wound  is  sutured  except  at  its  lowest  angle,  where  a 
small  drain  is  inserted. 

The  More  Extensive  "Block  Dissection"  as  Practiced  by  Crile. — This  is  ap- 
plicable to  cancer  in  the  upper  part  of  the  neck  secondary  to  cancer  in  the; 
mouth,  and  especially  to  those  carcinomas  originating  from  branchial  rests  in 
the  substance  of  the  neck.  The  deaths  from  such  cancers  result  from  local  de- 
struction and  ulceration  of  the  growth,  but  not  from  distant  metastases. 

The  operation  removes  the  whole  lymph-node-bearing  fascia  fr«>m  tin- 
clavicle  to  the  mandible.  At  the  beginning  of  the  operation  the  sternomastoid 
muscle  is  divided  at  its  clavicular  attachment,  also  the  external  jugular  vein. 
Then  the  internal  jugular  is  ligated  and  divided.  The  dissection  is  carried 
backward  to  the  trapezius,  and  the  whole  fascia  is  lifted  away  from  the  deep 
muscles  of  the  neck,  working  from  below  upward.  The  phrenic  nerve  should 
not  be  injured.  The  pneumogastric  nerve  is  spared  if  not  actually  infiltrated. 
The  carotids  are  not  involved  until  the  disease  is  advanced.  The  whole  sterno- 
mastoid muscle  is  removed,  but  the  patient  is  able  subsequently  to  raise  his 
shoulder  by  means  of  the  levator  anguli  scapulae  and  the  trapezius,  which  may 
retain  part  of  its  nerve  supply. 

In  dealing  with  extensive  cancer  of  the  neck,  considerable  experience  is 
needed  to  decide  what  cases  are  operable.  When  one  begins  the  dissection,  he 
should  try  to  avoid  getting  into  a  position  from  which  he  cannot  recede  when  he 
discovers  the  unwisdom  of  the  operation.  For  this  reason  it  is  well,  as  soon  as 
one  has  exposed  the  mass,  to  start  to  free  it  at  once  in  the  most  difficult  part, 
namely,  along  the  carotid.  If  he  finds  the  growth  too  fixed  or  infiltrating  he  may 
stop  and  sew  up  the  wound.  If,  however,  the  growth  is  isolated  everywhere  else 
and  the  deep  surface  of  the  growth  left  until  the  last,  he  cannot  recede  because 
the  whole  mass  would  slough  if  it  were  allowed  to  remain.  Nothing  is  gained  and 
something  lost  by  incomplete  surgery,  for  we  hasten  the  stage  of  the  open  ulcer- 
ating wound. 

Carcinoma  in  the  Supraclavicular  Region. — In  supraclavicular  carcinoma 
secondary  to  growths  in  the  stomach  or  chest  nothing  is  gained  by  operation. 
In  the  case  of  growths  secondary  to  carcinoma  of  the  breast  and  extending 
through  the  axilla  opinions  will  differ  as  to  the  wisdom  of  operating.  }!<-T 
surgeons,  at  times  at  least,  extend  their  breast  operation  up  into  the  neck  and 
remove  supraclavicular  tissue.  Halstead  says  that  he  has  never  known  of  a 
case  where  the  supraclavicular  glands  are  infected  being  permanently  cured. 
At  best,  then,  the  operation  must  be  considered  only  palliative. 
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In  the  patient  shown  in  Figure  21  with  a  carcinoma  above  the  Jeft  clavicle 
no  primary  growth  was  apparent,  but  we  would  suspect  a  cancer  of  the  esoph- 
agus or  cardia.  In  another  patient,  who  complained  for  some  months  of  pain  in 


FIG.  21. — CARCINOMA  SUGGESTING  MEDIASTINAL  OB  ESOPHAGEAL  PRIMARY  TUMOR. 

the  lumbar  spine,  no  diagnosis  was  made  until  there  appeared  above  the  clavicle 
a  tumor  which  proved  to  be  a  hypernephroma. 


CERVICAL  RIBS 

The  X-ray  has  added  greatly  to  our  knowledge  of  cervical  ribs.  They  are 
found  in  both  sexes  and  are  either  unilateral  or  bilateral.  When  bilateral,  they 
usually  differ  in  size  and  length  on  the  2  sides.  Their  surgical  importance 
arises  from  (1)  pressure  on  the  subclavian  artery  producing  atrophy  of  the 
fingers  and  arm,  (2)  pressure  on  the  brachial  plexus  giving  rise  to  pain  and 
trophic  disturbances,  (3)  the  tendency  to  high  scoliosis,  resembling  wry-neck, 
(4)  association  with  tuberculosis  of  the  corresponding  apex.  The  artery  alone 
is  compressed  between  the  accessory  rib  and  scalenus  anticlis?  but  never  the  sub- 
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ilaviaii  vein,  whieh  lies  in  front  of  the  nni^-1.-.  There  result  atrophy  and  weak 
pulse,  but  never  swelling  of  the  ami.  The  association  of  a  tuberculous  apex 
with  a  cervical  rib  has  been  frequently  noted  and  has  been  explained  in  2  ways : 
(1)  Tuberculosis  of  the  apex  calls  attention  to  this  region  with  the  aeridental 
discovery  of  a  rib  which  is  not  giving  symptoms;  <  -1  i  tuberculosis  of  such  an 
apex  is  favored  by  the  rib's  agency  in  rest  rid  in<r  mot  inn  «>n  that  side.  It  if  only 
when  symptoms  are  produced  that  the  anomaly  calls  for  treatment,  ami  thi-  u 
prnbahly  in  u  small  but  uncertain  percentage  of  cases.  Individuul  judgment 
will  vary  as  to  how  much  interference  with  form  or  function  of  the  arm  call  for 
operation.  Patients  learn  to  limit  the  pressure  somewhat  by  elevatini:  the  arm 
or  shoulder.  The  symptoms  rarely  appear  before  puberty,  but  do,  as  a  rule, 
appear  soon  after.  I  have  seen  a  torticollis  from  a  cervical  rib  in  a  child  of  10. 
The  dangers  of  operation  are:  (a)  Injury  to  the  pleura — this  has  occurred 
u  number  of  times;  (b)  the  brachial  plexus  is  always  exposed  to  trauma,  and 
even  where  its  nerves  are  not  interrupted  a  disa-reeahle  temporary  paresis  may 
result  from  pressure  or  stretching.  The  results  have  usually  been  satisfactory 
in  producing  permanent  relief  of  brachial  and  subclavian  pressure,  though  the 
operation  is  not  always  easy. 

Technic  of  Operation. — The  skin  incision  should  be  large  enough  to  irive 
easy  access  to  the  operative  field.  A  transverse  one  parallel  to  the  clavicle  will 
answer,  or  an  up-and-down  one  over  the  brachial  cords  parallel  to  the  trape/m* 
border.  McKenna  recommends  making  a  flap  attached  above  and  with  ma 
along  the  trapezius  muscle,  the  border  of  the  clavicle  and  the  posterior  border 
of  the  sternocleidomastoid.  This  is  certainly  not  essential,  as  the  loose  skin  of 
the  region  can  be  readily  retracted  in  any  direction.  The  operation  may  !><• 
limited  to  biting  away  the  portion  of  bone  immediately  under  the  vessel  and 
nerves  with  rongeurs,  leaving  the  ends  in  place.  It  is  probably  better  judgment 
to  make  a  clean  dissection,  removing  both  rib  and  periosteum  and  dividing  any 
muscular  attachments  (as  of  the  scalenus  anticus),  and  also  the  thick  cartilairc 
which  usually  binds  it  to  the  first  dorsal  rib.  All  the  attachments  should  bo 
carefully  divided  with  knife  or  scissors  and  the  vessels  and  nerves  should  be 
kept  away  by  the  gentlest  retraction.  The  subperiosteal  operation  would  be 
easier,  but  bone  may  reform  and  the  recurrence  of  pressure  signs  has  been  re- 
corded, which  might  be  thus  explained.  McKenna  thinks  it  important  that  the 
denuded  area  on  the  upper  surface  of  the  first  rib  should  not  come  in  contact 
with  the  vessel  and  nerves ;  hence  he  frees  a  slip  of  scalenus  medius,  leaving  it 
attached  at  its  lower  end,  and  tucks  it  between  the  vessel  and  rib. 

Bankart  (3)  has  removed  a  cervical  rib  by  attacking  it  at  its  posterior  at- 
tachment. His  incision  is  vertical,  1  in.  lateral  to  the  vertebral  spines,  is  4 
in.  long,  and  has  its  mid  point  at  the  level  of  the  vertebra  prominens.  He  di- 
vides the  trapezius  muscles  and  then  divides  the  rib  at  the  tip  of  the  transverse 
process.  He  then  grasps  the  rib  and  divides  its  attachments,  working  from  be- 
hind forward.  This  might  not  be  easy  were  there  a  strong  anterior  attachment 
to  the  first  dorsal  rib. 
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WEY-NECK 

The  importance  of  this  condition  varies  with  the  variety.  Just  as  some  per- 
sons stoop  or  shrug  a  shoulder,  others  tilt  the  head  to  one  side  purely  as  a  matter 
of  habit.  Some  cases  are  due  to  cicatricial  contraction,  while  others  may  depend 
on  paralysis  of  some  muscles  rather  than  contraction  of  others.  Leaving  these 
cases  aside,  we  may,  for  the  purpose  of  treatment,  divide  the  more  usual  ones 
into  2  groups,  the  acute  and  the  congenital,  or  the  painful  and  painless. 

Acute  Cases. — The  acute  cases,  commonest  in  the  young,  accompany  a  great 
variety  of  inflammatory  diseases.  The  common  "stiff  neck,"  analogous  to  the 
lumbago  of  the  lumbar  spine,  needs  only  temporary  protection  and  treatment 
for  the  pain.  If  there  are  inflamed  nodes  or  inflammatory  infiltration  of 
muscle  planes,  we  treat  the  causative  factor.  In  others  the  anatomical  basis  is 
not  very  obvious  and  the  pain  may  persist  for  some  time.  In  2  such  cases  fol- 
lowing measles  and  a  discharging  ear  the  pain  on  straightening  was  located  over 
the  convexity  of  the  bent  spine  on  the  side  of  the  discharging  ear  and  on  the 
opposite  side  to  the  contracted  muscles.  Such  cases  should  be  treated  for  the 
deformity  before  it  becomes  fixed.  A  plaster  collar  may  be  of  service,  or,  as 
in  the  cases  just  mentioned,  considerable  relief  to  pain  and  a  gradual  straighten- 
ing out  of  the  deformity  may  be  accomplished  by  means  of  a  pulley  and  weight 
attached  to  the  head  of  the  bed  and  then  to  a  suspension  apparatus  under  the 
chin  and  occiput. 

Congenital  and  Painless  Cases. — Congenital  wry-neck  may  not  be  noticed 
until  long  after  birth.  The  chief  contracting  band  is  the  clavicular  or  sternal 
portion,  usually  the  latter,  of  the  sternomastoid.  If  the  clavicular  portion  is  at 
fault,  the  deformity  may  be  obscured,  as  the  head  can  be  brought  straight  by 
elevating  the  shoulder. 

Operation  is  never  to  be  considered  as  the  entire  treatment.  The  longer  the 
duration  of  the  case  the  more  will  habit  and  modified  form  of  both  bony  and 
soft  parts  tend  to  confirm  the  malposition.  Indeed,  it  is  said  that  the  condition 
can  be  cured  by  repeated  manipulation  alone  if  begun  in  infancy. 

Most  cases  require  operation,  of  which  there  are  several  kinds : 

1.  SUBCUTANEOUS  TENOTOMY. — This  procedure  is  mentioned  only  to  be 
condemned  because  it   is  the  most  dangerous   and  the  least  efficient   of  the 
methods. 

2.  MYOMECTOMY   (MIKULICZ  OPERATION).— In  this  operation,  through  a 
low  transverse  incision,  the  sternomastoid  muscle  is  divided  at  its  clavicular  and 
sternal  attachment.     The  muscle  is  dissected  upward  and  removed,  leaving 
enough  above  so  that  the  spinal  accessory  nerve  will  not  be  damaged.    The  same 
care  in  after-treatment  is  necessary  as  with  the  following  method.    Eemoval  of 
the  muscle  gives  an  unnecessary  disfigurement. 

3.  OPEN  MYOTOMY  AND  FASCIOTOMY. — The  incision  is  most  conveniently 
made  transversely  and  only  a  finger's  breadth  above  the  clavicle.     The  muscle 
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is  divided  transversely  and,  to  protect  deeper  structures,  the  division  may  be 
made  over  a  director  inserted  under  the  muscle.  Ii«»th  heads  will  usually  need 
division,  even  if  only  one  is  the  seat  of  cicatrization,  for  it  is  important  to  be 
able  to  over-correct.  When  the  muscle  is  divided  and  the  head  tilted  to  tin- 
opposite  side,  one  band  of  fascia  after  another  springs  into  prominence  and  i- 
divided  with  knife  or  scissors.  The  wound  should  be  closed  without  drainage. 
A  general  anesthetic  will  be  needed  in  children,  but  in  adults  local  anesth<--i;i 
has  the  advantage  of  allowing  the  patient  to  throw  his  head  voluntarily  into  the 
position  that  puts  the  fascia  on  the  stretch  so  that  no  band  is  likely  to  escape 
the  operator. 

4.    MUSCLE  LENGTHENING.— This  may  be  done  in  a  variety  of  trays,     A 
transverse  incision  will  answer,  for  the  skin  can  be  retracted  upward  or  down- 
ward.   The  muscle  may  be  split  between  the  sternal  and  clavicular  attachn 
The  former  is  divided  high  and  the  latter  close  to  the  clavicle;  after  dividing 
the  fascia  the  long  ends  of  the  muscle  are  sutured  together. 

AFTER-TEE ATMENT. — When  the  wound  has  been  dressed  a  plaster-of-Paris 
splint  is  applied  to  hold  the  head  in  an  over-corrected  position.  The  eh  in  is 
rotated  to  the  right  if  the  right  sternomastoid  has  been  divided  and  then  the 
head  is  flexed  toward  the  left  shoulder.  The  plaster  includes  the  upper  thorax 
and  neck  and  rims  up  on  the  back  of  the  neck  and  surrounds  the  head,  that  is, 
the  body  from  the  diaphragm  up  is  inclosed  except  the  arms  and  the  face.  Tin  * 
splint  should  be  kept  on  not  only  until  the  wound  is  firmly  healed,  but  until 
soreness  disappears  in  the  operation  region.  After  its  removal,  active  and 
passive  movements  must  be  continued  for  a  variable  period  depending  on  the 
degree  of  deformity  and  the  cooperation  of  the  patient.  Even  the  asymmetry  of 
face  lessens  in  time. 

It  must  be  remembered,  however,  that  both  bones  and  soft  parts  are  misshapen 
and  it  is  inconceivable  that  a  cure  in  the  late  cases  can  be  complete  until  the  lapse  of 
time  has  allowed  the  bones  to  become  re-shaped  in  accordance  with  Wolffs  law.  1  f 
the  division  of  the  contracting  band  completes  the  treatment  instead  of  beginning  it, 
the  patient's  postural  habit  may  not  be  changed  and  hence  the  bones  will  not  have 
their  normal  form  restored,  for  they  are  not  subjected  to  any  change  in  pressure. 


BIBLIOGRAPHY 

1.  ATTRIDGE,  J.  A.    Surgical  Treatment  of  Tuberculous  Adenitis  with  Kspe- 

cial  Reference  to  the  Surgical  Lymphatics,  Surg.,  Gynec.  and  Ol 
1908,  vii,  685. 

2.  BALDWIN,  EDWARD  R.     Tuberculin  Treatment,  New  York  State  Jour. 

Med.,  1913,  xiii,  550. 

3.  BANKART,  A.  S.  B.    Cervical  Rib,  Lancet,  1913,  i,  962. 

4.  BLAISCH,    B.      Die    Roentgentherapie    der    chirurgischen    Tuberculose, 

Ergebn.  der  Chir.  und  Orthop.,  1913,  vii,  111. 


414  SUEGEEY    OF    THE    NECK 

5.  BROWN,  J.  L.     Conservative  Treatment  of  Tuberculous  Glands  of  the 

Neck  Based  upon  Their  Pathology,  Med.  Kec.,  New  York,  Jan.  4,  1913. 

6.  CALLISON  and  MACENTY.     Tumors  of  the  Carotid  Body,  Ann.  Surg.,  De- 

cember, 1913,  Iviii,  740. 

7.  CRILE,  GEORGE.    Excision  of  Cancer  of  Head  and  Neck,  Jour.  Am.  Med. 

Assn.,  1906,  vlii,  1780. 

8.     .     Cancer  of  the  Neck,  Further  Consideration  of  Its  Surgical  Treat- 
ment, Surg.,  Gynec.  and  Obst.,  1907,  v,  91. 

9.  DA  COSTA,  J.  C.    Personal  Experience  with  Tumors  of  the  Carotid  Body 

(3  cases),  New  York  Med.  Jour.,  xcix,  253. 

10.  HART,  DE  KEATING.     Fulguration  and  Its  Eesults  Compared  with  Those 

of  Other  Methods  of  Cancer  Therapy,  Interstate  Med.  Jour.,  1910,  xvii, 
418. 

11.  DIETRICH,  HENRY.    Heliotherapy  with  Special  Reference  to  the  Work  of 

Dr.  Eollier  at  Leysin,  Jour.  Am.  Med.  Assn.,  1913,  Ixi,  2229. 

12.  DOWD,  CHARLES  N.     Some  Differences  between  the  Surgery  of  Children 

and  Adults,  Surg.,  Gynec.  and  Obst.,  1912,  xiv,  353. 

13.  — .     Hygroma  Cysticum  Colli,  Ann.  Surg.,  July,  1913,  Iviii,  113. 

14.  — .     Technique  of  Early  Operation  for  Eemoval  of  Tuberculous  Cervi- 
cal Lymph  Nodes,  Ann.  Surg.,  1918,  xlviii,  169. 

15.  FARR,  CHARLES  E.     Preservation  of  the  Submaxillary  Branch  of  the  Fa- 

cial Nerve  in  Operations  on  the  Neck,  Ann.  Surg.,  October,  1910. 

16.  FRITSCH.     Eoentgen   Treatment  of  Tuberculous  Lymph   Nodes  in  the 

Neck,  Miinchen.  med.  Wchnschr.,  Ix,  No.  47. 

17.  GINBAL,  P.     La  resection  unilaterale  de  la  jugulaire  interne  et  du  pneu- 

mogastrique,  est-elle  inoffensive?    Rev.  de  chir.,  1913,  xlviii,  96. 

18.  HAWES,  JOHN  B.,  2ND.    The  Treatment  of  Tuberculous  Adenitis  with  Ee- 

port  of  Fifty-six  Cases  from  the  Tuberculin  Department  of  the  Massa- 
chusetts General  Hospital,  Boston  Med.  and  Surg.  Jour.,  January, 
1912,  clxvi,  80. 

19.  HERTZLER.    Tumors,  363. 

20.  JUDD,  EDW.  STARR.     Epithelioma  of  the  Lip,  Old  Dominion  Jour.  Med. 

and  Surg.,  1908,  vii,  339. 

21.  — .     Treatment  of  Tuberculous  Glands  of  the  Neck:    a  Study  of  649 
Cases,  Ann.  Surg.,  1910,  lii,  759. 

22.  MACKENZIE,  H.     Tuberculin  Treatment,  Lancet,  1913,  521. 

23.  MATHEWS,  F.  S.     Eesponsibility  of  the  Tonsil  in  Tuberculous  Adenitis, 

Ann.  Surg.,  December,  1910. 

24.  MULLER,  GEORGE  P.     Treatment  of  Tuberculous  Cervical  Lymphomata, 

Ann.  Surg.,  October,  1913,  Iviii,  433. 

25.  VON  MUTSCHENBACHER,  T.  V.     The  Conservative  Treatment  of  Tubercu- 

lous Glands  of  the  Neck,  Beitr.  z.  klin.  Chir.,  1912,  Ixxx. 

26. .     Wie  behandelt  man  scrofulose  Halslymphdrusen  ?  Zentralbl.  f.  d. 

ges.  Chin  und  Grenzgeb.,  1913,  xxv,  1. 


BIBLIOGRAPHY  415 

27.  Xii  BEBj  C,  K.     ITeber  Geschwiilste  der  Carotisdruse,  An-li.  f.  klin.  Chir., 

1913,  cii,  Heft  1,  2s:i. 

28.  PARK,  \\.  II.,  ct  al.     Collected  Studies  from  the  Research  Laboratory  of 

the  Depart  incut  <>{'  Health,  New  York  City,  iv.  v,  vi  (especially  v,  155). 

29.  Present  Status  of  Tuberculin   i  Kcview  of  papers  and  opinions  expressed 

before  the  British  National  Association  for  th<-  Prevention  of  Consump- 
tion), Jour.  Am.  Med.  Assn.,  1914,  Ixii,  873. 

30.  ROLLIER,  A.     Die  Heliotherapie  der  Tuberculose  mit  besonderen  Be- 

riicksichtigung   ihre   chirurgischen   Forraen,   Ergebn.    der   Chir.    und 
Orthop.,  1913,  vii,  1. 

31.  STEISSLER,    EDUARD.      Cervical    Ribs    (300    references    to    literature), 

Ergebn.  d.  Chir.  und  Orthop.,  1913,  v,  280. 

32.  STONE,  JAMES  S.    Practical  Points  in  Treating  Cervical  Glands  of  Chil- 

dren, Boston  Med.  and  Surg.  Jour.,  1912,  clxvii,  537. 

33.  THOMAS,  T.  TURNER.     Ludwig's  Angina,  Ann.  Surg.,  February,  1908, 

xlvii,  161. 

34.  VOSBURGH,  A.  S.    A  New  Dressing  for  Skin  Grafting,  Ann.  Surg.,  1912, 

Iv,  891. 


ESOPHAGOSCOPY   AND    GASTROSCOPY   INCLUDING   INTRA- 
ESOPHAGEAL   METHODS    OF   TREATMENT 


CHAPTER   X 

ESOPHAGOSCOPY  AND  GASTRO8COPV    l.\<  LU>I\<;    I  VI  HA-ESOPHAGEAL 
METHODS   OF  TREATMENT 

HENRY  H.  JANEWAY 

ANATOMICAL   CONSIDERATIONS 

Before  discussing  the  objective  examination  of  the  esophagus  and  stomach, 
a  consideration  of  the  more  important  anatomical  facts  relative  to  the  position 
and  size  of  the  normal  esophagus  and  stomach  is  desirable. 

Position. — All  clinicians  and  anatomists  agree  that  the  beginning  of  the 
esophagus  is  in  the  horizontal  plane  of  the  upper  border  of  the  cricoid  cartilage. 
The  relation  of  this  plane  to  the  vertebra?,  when  the  body  is  in  an  erect  position, 
differs  much  with  age,  with  the  degree  of  extension  or  flexion  of  the  head,  and, 
to  some  degree,  with  the  individual.  In  adults,  when  the  head  is  in  the  normal 
position,  midway  between  flexion  and  extension,  the  upper  border  of  the  cricoid 
cartilage  corresponds  to  the  upper  portion  of  the  body  of  the  sixth  cervical  ver- 
tebra. In  extreme  flexion,  it  is  depressed  to  the  level  of  the  seventh  cervical 
vertebra ;  and  in  extreme  extension  it  is  raised  to  the  level  of  the  fourth  cervical 
vertebra.  In  infants,  the  position  of  the  cricoid  cartilage  in  relation  to  the  ver- 
tebrae is  much  higher  than  in  adults,  corresponding,  in  the  normal  position  of 
the  head,  to  the  intervertebral  disk  between  the  third  and  fourth  cervical 
vertebras. 

The  lower  1  to  1.5  cm.  of  the  esophagus  is  intra-abdominal.  It  terminates 
by  abrupt  transition  into  the  stomach.  The  left  wall  of  the  esophagus  is  sep- 
arated from  the  greater  curvature  of  the  stomach  by  a  furrow  running  antero- 
posteriorly,  the  walls  of  the  2  organs  meeting  at  an  angle  of  90°.  The  right 
esophageal  wall  is  not  sharply  separated  from  the  lesser  curvature  of  the 
stomach,  but  passes  insensibly  into  the  latter  without  the  intervention  of  any 
angle  or  groove. 

The  relation  of  the  lower  extremity  of  the  esophagus  to  the  vertebrae  also 
differs  with  individuals  and  with  age  and  with  the  degree  of  flexion  or  extension 
of  the  spine,  but  much  less  in  this  last  particular  than  its  upper  extremity. 

In  infants,  the  position  of  the  cardia  is  at  the  level  of  the  eighth  dorsal  ver- 
28  B  417 
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tebra.  In  a  frozen  subject  of  76  years,  Menhert  found  that  the  cardiac  level 
was  in  the  plane  of  the  twelfth  dorsal  vertebra.  The  position  of  the  cardiac 
orifice  may  occupy  a  higher  or  a  lower  level  in  the  same  individual,  according  to 
the  movements  of  the  diaphragm  or  the  degree  of  fullness  of  the  stomach  and, 
therefore,  according  to  its  weight.  It  has  been  alleged  that  these  conditions  may 
cause  the  cardiac  orifice  to  rise  and  fall  as  much  as  5  to  6  cm.,  or  through  the 
space  occupied  by  2  or  3  vertebrae.  I,  however,  believe  that  so  great  a  mobility 
does  not  occur  in  the  normal  human  being.  It  may  be  possible  in  certain  pa- 
tients with  the  more  severe  degrees  of  enteroptosis,  but  from  experience  in 
esophagoscopy  and  direct  observations  within  the  opened  chest,  a  vertical  dis- 
placement of  more  than  1  in.  (2%  cm.)  is  unusual. 

It  may  be  accepted,  therefore,  that  in  infants  the  esophagus  extends  from 
the  interval  between  the  third  and  fourth  cervical  to  the  level  of  the  eighth 
dorsal  vertebra,  and  that  the  levels  of  both  its  beginning  and  termination  become 
gradually  lower  with  advancing  years  until,  in  the  adult,  it  extends  from  the 
sixth  cervical  to  the  tenth  or  twelfth  dorsal  vertebra.  It  is  convenient,  in  esti- 
mating the  site  of  a  new  growth,  to  locate  the  termination  of  the  esophagus  in 
relation  to  the  anterior  chest  wall.  In  general,  it  is  directly  posterior  to  a  point 
a  little  to  the  left  of  the  xiphoid  cartilage. 

Length. — Many  statistics  on  the  total  length  of  the  esophagus — i.  e.,  from 
the  upper  border  of  the  cricoid  to  its  transition  into  the  stomach — have  been 
collected.  Eleven  different  authors  give  it  a  length  varying  between  21.6  and 
28  cm.  The  average  length,  and  the  one  most  frequently  met  with,  is  24  to 
25  cm.  in  the  male,  and  23  to  24  cm.  in  the  female.  It  usually  measures  a 
little  longer  in  the  tall  and  a  little  less  in  the  short  individuals.  The  extremes 
of  its  length  in  the  male  may  be  said  to  be  21  and  30  cm.,  and  in  the  female, 
20  and  27  cm.  Its  length  is  not,  however,  exactly  proportional  to  the  body 
length,  as  will  be  evident  from  the  table  which  follows,  but  in  general  its  length 
is  15  per  cent,  of  the  body  length. 

Von  Hacker  has  compiled  the  following  table,  which  gives  not  only  the 
length  of  the  esophagus  itself  but  also  the  length  of  its  various  portions  and  the 
distance  from  the  incisor  teeth  to  the  beginning  of  the  esophagus. 

Thirty-eight  measurements  were  made  upon  men  of  whom 

2  possessed  a  body  length  of  156-160  cm.  and  esophagus  of  23-26  cm. 
19        "          "      "        "        "    160-170     "      "          "  "  21-27    " 

17        "          "      "        "        "     170-176    "      "          "  "  22-30    " 

Upon  women,  there  were  22  measurements: 

6  possessed  a  body  length  of  148-150  cm.  and  esophagus  of  20-24.5  cm. 
12        "          "       "        "         "     150-160    "       "  "  "  27  " 

4        "          "       "        "        "     160-166    "       "          "  "  25  " 

The  following  table  summarizes  the  distance  from  the  teeth  to  the  3  normal 
constrictions  of  the  esophagus  and,  therefore,  the  length  of  its  different  por- 
tions : 
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VARIATIONS 

AVERAGE 

MOST 
FREQUENT 
DISTANCE 

MEN 

Distance  from  teeth  to  beginning  

14-16 

14   9 

15  cm 

Distance  from  teeth  to  bifurcation  
Distance  from  teeth  to  cardia  

23-29 
36-50 

26 
39.9 

26cm. 
40  and  41  cm. 

WOMEN 
Distance  from  teeth  to  beginning 

12-15 

13  9 

14  cm 

Distance  from  teeth  to  bifurcation.  

22-27 

•j:;  '.» 

24  cm 

Distance  from  teeth  to  cardia 

32-41 

:{7  :; 

38  and  39  cm 

It  is  important  also  to  be  familiar  with  the  variations  in  the  length  of  the 
esophagus  and  of  its  various  subdivisions  in  children.     The  following  table, 
from  von  Hacker,  supplies  this  information: 


DISTANCE  FI 

aoM  INCIBOI 

i  TEETH  TO 

LENGTH 

LENGTH 
OF  SUPRA- 

LENGTH 
OF  INFRA- 

AOB 

LOWER 
BORDER  OF 
CRICOID 

BIFUR- 
CATION 

CARDIA 

OF  WHOLE 
ESOPHAGUS 

BIFURCA- 
TION 

PORTION 

BIFURCA- 
TION 
PORTION 

9  days 

cm. 

7 

cm. 
12 

cm. 

17 

cm. 

10 

cm. 
5 

cm. 
5 

3^/2  months        

8 

13 

20 

12 

5 

7 

14           " 

10 

14 

22 

12 

4 

8 

21            " 

10 

15 

23 

13 

5 

g 

2  years           

13  5 

5 

8  5 

Q 

14 

6 

8 

4 

15 

6 

9 

5                     

10 

17 

26 

16 

7 

9 

11 

19 

28 

17 

8 

9 

9 

16 

7 

9 

11                  

10 

18 

28 

18 

8 

10 

12 

10 

18 

28 

18 

g 

10 

14                        .... 

11 

19 

31 

20 

8 

12 

15           

14 

23 

33 

19 

9 

10 

It  will  not  be  superfluous  to  give  a  few  additional  figures  in  order  to  show 
variations  depending  in  part  upon  the  manner  in  which  the  measurements  have 
been  taken  and  in  part  upon  natural  variations  in  the  length  of  the  organ. 

Klaus  gives  the  length  of  the  esophagus  in  a  child  of  2  months  as  10  cm. : 
of  22  months,  as  17.5  cm. ;  and  at  3  years  as  20.5  cm.  These  measurements  are 
longer  than  those  which  von  Hacker  gives. 

Viedordt  gives  the  following  table . 


AGE 

LENGTH 

OF 

ESOPHAGUS 

DISTANCE  FROM  INCISOR 
TEETH  TO  UPPER 
BORDER  OF  CRICOID 

DISTANCE 
FROM  TEETH 
TO  CARDIA 

3  weeks  to  11  months        

cm. 

13.5 

cm. 

6.2 

cm. 
19.7 

1  vear  to  22  months   

16.9 

7.7 

24.8 

31/4  vears 

20.5 

9.5 

30.0 
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Diameters. — For  practical  purposes,  the  following  measurements  from 
Jonnesco  give  with  sufficient  accuracy  the  diameters  of  the  adult  esophagus  at 
the  level  of  the  various  normal  constrictions. 

At  the  level  of  the  cricoid  cartilage,  with  easy  distention,  23  mm.  transversely  x  17 
mm.  sagitally. 

At  the  level  of  the  arch  of  the  aorta,  24  mm.  transversely  x  19  mm.  sagitally. 

At  the  level  where  the  esophagus  is  crossed  by  the  left  bronchus,  23  mm.  trans- 
versely x  17  mm.  sagitally. 

In  its  passage  through  the  diaphragm,  -25  mm.  transversely  x  24  mm.  sagitally. 

These  numbers  are  of  importance  only  in  connection  with  the  passage  of  in- 
struments through  the  esophagus.  Menhert  believes  that  the  most  constricted 
portion  of  the  human  adult  esophagus  is  only  11  mm. ;  von  Hacker,  that  it  is  13 
mm.  All  agree  that  the  most  constricted  portion  is  at  the  level  of  the  cricoid 
cartilage. 

I  agree  with  Sesbini  and  Jonnesco,  that  these  diameters  are  too  small.  Even 
in  children  of  5  years,  the  esophagus  should  measure  12  mm.  at  its  most  con- 
stricted portion.  I  have  easily  passed  an  esophagoscope  measuring  11  mm. 
into  the  esophagus  of  a  child  4  years  old,  and  one  of  7  mm.  into  that  of  an 
infant.  Much  confusion  arises  from  the  fact  that  the  entrance  to  the 
esophagus — that  portion  posterior  to  the  cricoid  cartilage — is  slit-like  in  char- 
acter, the  result  of  its  compression  between  the  larynx  and  the  vertebral  column. 

Upon  the  least  extension  of  the  head  the  depression  of  the  hyoid  bone  ac- 
centuates the  slit-like  character  of  the  opening  and  opposes  any  approximation 
to  the  circular  form. 

Course. — The  course  of  the  esophagus  from  the  cricoid  cartilage  to  the 
opening  into  the  stomach,  in  the  adult,  with  the  head  in  the  erect  position,  is  as 
follows :  It  begins  in  the  median  line  at  the  level  of  the  sixth  cervical  vertebra, 
lying  lightly  compressed  between  the  upper  border  of  the  cricoid  cartilage  and 
the  vertebral  column.  It  then  passes  downward  between  the  trachea  in  front 
of  the  vertebral  column,  into  the  posterior  mediastinum ;  here  it  is  crossed  by 
the  arch  of  the  aorta  in  front  of  the  fourth  dorsal  vertebra,  and,  inclining  to  the 
left  of  the  vertebral  column,  it  is  crossed,  opposite  the  fifth  dorsal  vertebra,  by 
the  left  bronchus,  which  passes  in  front  of  it,  downward  and  outward.  To  its 
right,  in  this  situation,  is  the  vena  azygos  major,  which  crosses  the  esophagus 
at  the  level  of  the  interval  between  the  fourth  and  fifth  dorsal  vertebrae.  To  its 
left  is  the  arch  of  the  aorta  and  in  front  is  the  pericardium.  Below  this  level 
the  esophagus  again  lies  in  the  middle  line,  in  front  of  the  bodies  of  the  dorsal 
vertebra?;  but  at  the  level  of  the  seventh  dorsal  vertebra  it  again  leaves  the 
middle  line,  inclining  toward  the  left.  In  front  of  the  eighth  dorsal  vertebra, 
and  below  the  costal  cartilage  of  the  fourth  rib,  the  esophagus  crosses  the  an- 
terior surface  of  the  aorta  from  right  to  left.  It  then  inclines  further  to  the 
left  until  it  enters  the  esophageal  opening  of  the  diaphragm.  Although  it  is  to 
the  left  of  the  middle  line,  it  is  still  separated  from  the  bodies  of  the  vertebra 
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by  the  aorta  and  vena  azygos  major.  Its  passage  through  the  diaphragm  is  on 
a  level  with  the  tenth  dorsal  vertebra,  8  cm.  behind  the  angle  between  the 
xiphoid  and  the  costal  cartilage  of  the  seventh  rib.  Within  the  abdomen  it 
passes  slightly  forward  and  to  the  left  to  its  transition  into  the  stomach. 

OBJECTIVE  EXAMINATION  OF  THE  INTERIOR  OF  THE  ESOPHAGUS 

Preliminary  History  Taking. — Before  proceeding  with  any  objective  method 
of  examining  the  esophagus,  it  is  desirable  to  know  the  patient's  history.  Cer- 
tain facts  in  the  history  may  be  almost  pathognomonic  of  specific  conditions  and 
will  prove  valuable  guides  in  applying  any  of  the  objective  means  of  examina- 
tion. 

Any  direct  cause  for  the  patient's  condition  should  be  carefully  inquired 
for.  The  possibility  that  the  patient  has  swallowed  a  foreign  body  which  may 
have  become  lodged  within  the  esophagus  is  of  much  importance.  Of  equal 
significance  is  the  knowledge  that  the  patient  has,  within  a  few  weeks'  time, 
swallowed  a  caustic  alkali  or  acid.  It  is  not  infrequent  for  patients  who  have 
attempted  suicide  to  conceal  the  fact  that  they  have  previously  swallowed  some 
corrosive  poison. 

Of  all  the  symptoms  of  esophageal  disease,  none  exceeds  dysphagia  in  im- 
portance. It  is  most  desirable  to  know  the  time  and  character  of  the  onset  of 
dysphagia,  whether  it  developed  suddenly  or  gradually,  whether  it  remits  or 
intermits,  or  is  progressive. 

Next  in  importance  to  the  dysphagia  is  regurgitation  of  food.  The  char- 
acter of  the  regurgitated  fluid  should  be  ascertained  in  order  to  discover  any 
digestive  changes,  or  whether  it  is  returned  in  approximately  the  same  condi- 
tion in  which  it  was  swallowed.  The  quantity  of  mucus  in  the  vomitus  must 
be  estimated,  and  particularly  it  should  be  noted  whether  any  blood  is  present. 
The  frequency  of  the  attacks  of  vomiting  and  whether  they  are  synchronous 
with  any  change  in  the  contour  of  the  patient's  neck  are  also  significant  facts. 

Preliminary  Physical  Examination. — Before  undertaking  the  objective  ex- 
amination of  the  esophagus,  it  is  essential  to  make  a  physical  examination. 
Failure  to  recognize  an  inflammatory  process  within  the  esophagus  itself  or 
within  the  mediastinum,  pleura,  or  pericardium,  or  to  ascertain  tendencies  to 
hemoptysis  or  hemophilia,  may  lead  to  serious  consequences.  The  presence  of 
a  tuberculous  focus  within  the  lung,  or  any  disturbance  of  normal  respiration 
or  of  valvular  lesions  within  the  heart — particularly  cardiac  lesions  which 
could  result  in  embolism — the  height  of  the  blood-pressure,  the  condition  of 
the  arteries,  and  the  presence  or  absence  of  aneurysm  are  equally  important 
and  should  be  ascertained  before  a  direct  examination  of  the  esophagus  is 
undertaken.  While  esophagoscopy  may  not  be  positively  contra-indicated  in 
any  of  these  conditions,  it  is  wiser  in  their  presence  not  to  undertake  it  unless 
it  should  be  urgently  indicated — as,  for  instance,  for  the  sake  of  removing  a 
foreign  body. 
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Unquestionably,  esophagoscopy  is  the  most  important  of  the  methods  of 
examining  the  esophagus — in  fact,  without  it,  an  examination  of  the  esophagus 
cannot  be  considered  complete.  Even  the  information  to  be  derived  from  a 
good  bismuth  radiograph  is  second  in  importance  to  the  esophagoscopic  find- 
ings, as  will  be  more  fully  referred  to  later  on  in  this  discussion.  Though 
the  esophagoscopic  findings  are  both  negatively  and  positively  complete  and 
absolute,  certain  other  methods  of  examination  cannot  be  passed  over  as 
useless. 

These  are:  (1)  examination  by  sounding;  (2)  Strauss'  method;  (3) 
Rumpel's  method;  (4)  Mixter's  method  and  Plummer's  application  of  this 
method  to  diverticulaB ;  (5)  X-rays. 

Sounding. — Eor  purposes  of  sounding  the  esophagus,  either  olives  of  vari- 
ous sizes  screwed  on  the  ends  of  a  flexible  metal  or  whalebone  stem,  the  silk- 
woven  esophageal  bougies,  or  the  ordinary  stomach  tube  may  be  used.  The 
stomach  tube  is  really  the  best  instrument  for  sounding  purposes.  It  is  soft, 
incapable  of  injuring  the  esophagus,  and  will  give  all  the  information  which 
it  is  necessary  to  ascertain  by  this  method. 

With  the  patient  in  the  sitting  position  and  the  surgeon  standing  and  facing 
him,  the  end  of  the  stomach  tube  is  passed  over  the  base  of  the  tongue  and  into 
the  esophagus.  Its  entrance  into  the  esophagus  is  facilitated  by  requesting 
the  patient  to  swallow.  After  the  stomach  tube  has  passed  the  entrance  to  the 
esophagus,  its  subsequent  passage  through  the  remainder  of  the  esophagus  is 
easily  effected  by  merely  pushing  it  further  along  and  by  requesting  the  patient 
to  continue  swallowing.  In  nervous  patients  or  in  patients  with  sensitive 
pharyngeal  reflexes,  a  very  great  advantage  is  gained  by  swabbing  the  back  of 
the  tongue  with  a  10  per  cent,  solution  of  cocain. 

The  passage  of  a  stomach  tube  in  this  manner  will  demonstrate  the  presence 
and  exact  location  of  a  suspected  stenosis.  Its  use  forms  a  valuable  preliminary 
procedure  and  is  applicable  to  all  esophageal  lesions  except  acute  inflammatory 
processes  and  foreign  bodies. 

Strauss'  Method. — The  diameter  of  the  esophagus  at  any  point  in  its  course 
may  be  determined  by  the  Strauss  method,  or,  better,  by  the  modification  sug- 
gested by  Plummer.  Strauss  fastens  a  rubber  bag  over  the  fenestrum  of  a 
stomach  tube.  This  rubber  bag  is  covered  with  a  silk  bag  to  prevent  overdis- 
tention.  The  stomach  tube  is  then  passed  into  the  esophagus,  and  the  surgeon 
determines  the  degree  of  distention  of  the  rubber  bag  necessary  to  just  fill  the 
esophagus,  thus  ascertaining  the  diameter  at  any  desired  place.  Plummer 
simply  replaces  the  single  silk  bag  of  Strauss  with  silk  bags  of  various  sizes. 
In  this  way  there  is  less  danger  of  overdistending  the  esophagus.  The  diameter 
at  any  level  will  correspond  to  that  of  the  silk  bag  which,  when  distended,  fails 
to  move  freely  up  and  down  within  the  esophagus. 

Rumpel's  Method. — Rumpel  has  devised  a  method  to  measure  roughly  both 
the  capacity  and  diameter  of  the  esophagus.  He  ties  a  large  thin  rubber  bag 
over  the  fenestrated  tube.  This  is  then  passed  into  the  esophagus,  and  water  is 
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;il lowed  to  flow  into  the  rubber  bni:  until  the  esophagus  is  filled.  The  rubber 
tube  is  then  passed  into  the  stomach  far  enough  to  admit  the  lower  fenestratinn, 
but  not  the  upper.  As  soon  as  this  has  been  accomplished,  water  flows  from 
the  portion  of  the  rubber  bag  within  the  esophagus  into  that  portion  within  the 
stomach.  The  method  prevents  a  confusion  of  the  cavity  of  a  dilated  esophagus 
with  that  of  the  stomach — a  mistake  which  has  frequently  occurred  during  the 
examination  of  patients  suffering  from  dilated  esophagi.  A  disadvantage  of 
the  method  is  that  it  is  difficult  to  pass  the  tube  into  the  stomach  in  those 
patients  in  whom  its  use  is  most  desirable. 

Mixter's  Method. — Another  method  of  ascertaining  the  diameter  of  stenosed 
portions  of  the  esophagus  is  by  passing  a  series  of  different  sized  bougies  upon 
a  thread.  This  is  a  valuable  method,  and  may  also  be  used  in  the  treatment  of 
benign  stenosis,  and  it  is  one  of  the  most  certain  means  of  demonstrating  the 
presence  of  a  diverticulum  of  the  esophagus.  It  also  forms  the  safest  method, 
exclusive  of  esophagoscopy,  of  entering  the  stomachs  of  patients  with  dilatation 
of  the  esophagus. 

Frequently,  in  these  patients,  the  lowest  portion  of  esophagus  is  below  the 
cardiac  orifice,  so  that  pocketing  of  the  end  of  the  sound,  with  disastrous  results, 
may  easily  occur  if  the  sound  is  not  guided  by  means  of  the  thread  into  the 
cardiac  orifice.  Dunham  first  suggested  passing  bougies  upon  a  thread  which 
had  been  swallowed  and  drawn  taut  through  a  gastrostomy  opening.  Mixter, 
however,  found  that  the  gastrostomy  was  unnecessary ;  that  if  a  piece  of  thread 
6  yards  long  was  swallowed,  sufficient  would  pass  into  the  small  intestine  to 
make  it  possible  to  hold  the  thread  taut  by  its  upper  end  and  pass  a  bougie  upon 
it.  By  this  method  olives  of  increasing  size  screwed  upon  a  flexible  stem  may 
be  passed  safely  through  very  tight  strictures  which  may  thus  be  dilated.  The 
method  is  applicable  to  the  diagnosis  of  diverticula  in  the  following  manner: 
The  threaded  olive  first  enters  the  diverticulum.  The  thread  is  then  pulled 
taut,  and  by  this  means*  the  olive  is  lifted  out  of  the  diverticulum  into  the 
esophagus.  In  consequence  of  the  greater  ease  with  which  the  olive  enters  the 
diverticulum,  it  first  descends  until  it  meets  the  obstruction  formed  by  the  bot- 
tom of  the  diverticulum.  Its  further,  progress  can  only  be  accomplished  by 
lifting  it  out  of  the  diverticulum  so  that  the  olive,  in  order  to  pass  the  full  length 
of  the  esophagus,  must  first  descend,  then  ascend,  and  finally  descend  again. 
Such  a  course  is  typical  of  the  presence  of  an  esophageal  diverticulum.  (See 
Fig.  1.) 

Rontgen  Kays. — The  fifth  method  of  examining  the  esophagus  is  by  means 
of  the  Eontgen  rays.  (For  the  discussion  of  the  application  of  the  X-rays  to 
esophageal  lesions  see  Vol.  IV,  Chapter  III.) 

It  is  generally  recognized  that  a  good  radiograph  of  an  esophagus,  the  inner 
-wall  of  which  is  coated  with  a  suspension  of  bismuth,  furnishes  information  of 
the  first  degree  of  importance.  It  is  unquestionably  the  best  method  of  demon- 
strating diverticula.  In  the  case  of  a  new  growth  it  furnishes  positive  informa- 
tion regarding  its  presence  and  location.  It  determines  the  degree  of  dilatation 
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of  the  esophagus,  and  is  an  absolute  method  of  diagnosticating  the  presence  of 
foreign  bodies. 

In  regard  to  new  growths  and  stenosis  of  the  esophagus,  however,  radio- 
graphs have  at  times  been  misleading.  The  accompanying  radiograph  of  a 
patient  with  a  benign  stenosis  of  the  lower  extremity  of  the  esophagus  illustrates 
how  easily  confusion  may  arise  if  entire  dependence  is  placed  upon  a  radio- 
graph. From  the  radiograph  which  is  reproduced  in  Figure  2,  one  of  the  most 
expert  radiographers  in  New  York  gained  the  impression  that  a  stenosis  ex- 
isted high  up  in  the  esophagus.  As  a  matter  of  fact,  the  patient's  only  lesion 


FIG.  1. — MANNER  IN  WHICH  A  THREADED  OLIVE  is  LIFTED  OUT  OF  THE  DIVERTICULAR  SAC  BY  THH 

PREVIOUSLY  SWALLOWED  STRING. 

was  a  benign  stenosis  of  the  lower  extremity  of  the  esophagus.  The  writer's 
experience  justifies  the  view  that  it  is  not  desirable  to  place  entire  reliance  upon 
the  X-ray  examination,  even  though  no  examination  of  the  esophagus  at  the 
present  time  can  be  complete  without  one. 

Dr.  A.  C.  Crump  recently  devised  a  very  ingenious  and  valuable  method  of 
examining  the  esophagus  in  connection  with  the  X-rays.  He  has  been  kind 
enough  to  describe  the  procedure  as  follows : 


THE  USE  OF  SAUSAGE  SKIN  IN  THE  DIAGNOSIS  AND  TREATMENT  OF  ESOPHAGEAL  STRICTURE 

"PREPARATION. — Sausage  skins  are  obtained  from  the  slaughter  house  in  the  cleaned 
and  prepared  state,  as  used  for  packing  sausage,  under  the  trade  name  of  'casings.' 
They  can  be  obtained  in  various  sizes  and  degrees  of  toughness.  The  skins  are  placed 
in  jars  and  thoroughly  salted  with  dry  table  salt,  to  preserve  them.  To  prepare  them 
for  use,  lengths  of  about  60  mm.  are  cut  from  the  prepared  skins  and  placed  in  luke- 
warm water,  to  soften.  They  are  then  washed  thoroughly,  inside  and  out,  in  running 
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water.  Next,  the  skins  are  placed  in  a  solution  of  l/%  per  cent,  formalin  and  ten  per 
cent,  glycerin,  to  harden,  for  fifteen  minutes,  then  rewashed.  If  they  remain  in 
the  solution  too  long,  they  will  lose  their  tone. 

"One  end  is  next  closed  with  a  pair  of  artery  clamps,  and  the  opposite  end  is  run 
over  a  funnel.  Water  is  allowed  to  run  in  from  the  tap  to  test  out  the  skin  for  even- 
ness and  to  see  if  there  are  any  holes.  A  better  membrane  is  made  by  invaginating  the 
skin  and  stretching  it  on  a 
form,  so  as  to  preserve  an 
even  caliber  throughout.  Any 
adherent  mucosa  should  In- 
scraped  off  while  the  skin  is 
wet.  The  skin  is  then  al- 
lowed to  dry,  and  removed 
from  the  form.  It  will  keep 
indefinitely. 

"When  it  is  desired  to  use 
the  skin,  it  is  placed  in  luke- 
warm water,  to  soften.  One 
end  is  then  tied  with  silk 
floss,  the  floss  being  wrapped 
around  several  times.  A  long 
bag  is  thus  formed,  and  con- 
nection is  established  with  the 
irrigator  by  tying  the  open 
end  to  a  small  tube. 

"In  the  collapsed  state, 
the  bag  is  only  a  string.  Be- 
fore giving  this  to  the  patient, 
it  is  best  to  cocainize  the 
pharynx  and  esophagus  in  or- 
der to  prevent  retching  and 
coughing.  The  patient's  stom- 
ach should  also  be  empty. 
Cocainizing,  however,  is  not 
always  necessary,  except  in 
the  treatment.  The  patient 
swallows  the  skin  with  the  aid 
of  a  little  water.  If  the  stric- 
ture is  not  a  difficult  one  to  pass  with  a  small  bougie,  time  may  be  saved  by  running 
the  skin  over  a  No.  10  French  round-ended  silk  bougie,  then  passing  both  together, 
withdrawing  the  bougie  when  the  skin  is  in  place.  It  is  surprising  how  easily  a 
patient  with  the  smallest  stricture  can  swallow  one  of  these  skins,  and  how  readily 
it  will  untwist  itself  on  being  filled. 

"FOR  X-RAY  WORK. — After  the  skin  has  passed  the  stenosis,  a  thick  bismuth  mix- 
ture is  allowed  to  flow  in  from  an  irrigator  holding  200  c.  c.  After  the  bismuth  mixture 
has  reached  the  lower  end  of  the  sack,  the  skin  should  be  withdrawn  slightly  for  the 
purpose  of  untwisting  any  kinks  that  may  have  formed.  The  filling  and  pulling  should 
be  continued  until  the  skin  is  filled  to  the  level  of  the  pharynx.  The  irrigator  is  then 
removed  and  the  rubber  tube  is  clamped.  The  patient  is  then  given  a  couple  of  table- 
spoonfuls  of  bismuth  to  swallow  outside  of  the  skin — a  teaspoonful  at  a  time.  This  is 
to  fill  any  irregularities  or  pockets  that  the  bag  does  not  outline.  The  patient  is  then 
ready  for  screen  or  plate  examination.  (See  Fig.  3.)  This  method  will  give  the  extent 
of  esophageal  involvement,  distal  as  well  as  proximal,  to  the  stricture. 


FIG.  2. — RADIOGRAPH  FROM  A  PATIENT  WITH  CICATRICIAL 
STENOSIS  AT  THE  CARDIAC  CONSTRICTION  OF  THE  ESOPHAGUS. 
The  radiograph  led  to  the  diagnosis  of  cancer  of  the  middle 
of  the  esophagus. 
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"There  may  be  some  difficulty  in  removing  the  bag  in  the  smaller  strictures,  but 
this  need  not  occasion  alarm.  The  patient  is  placed  face  downward  over  the  edge  of 
the  table,  and  gentle  but  firm  traction  is  made  on  the  skin,  pulling  by  the  tube  and 
holding  it  over  some  vessel.  It  is  of  the  greatest  importance  to  proceed  slowly  and 
carefully.  Naturally,  with  a  small  stricture,  it  will  take  a  few  minutes  for  the  thick 

bismuth  to  pass  the  opening. 
It  is  wise  to  inform  the  pa- 
tient beforehand  in  regard  to 
this. 

"TREATMENT. — For  this 
purpose,  the  thicker  and 
tougher  skins  should  be  used. 
The  connecting  tube  at  the 
mouth  end  should  be  large 
enough  to  admit  whatever  in- 
strument is  to  be  used.  About 
60  c.  c.  of  a  bismuth-glycerin 
mixture,  diluted  with  water 
to  the  consistency  of  molasses, 
is  poured  in  through  this  tube. 
The  weight  of  the  mixture 
will  draw  the  walls  of  the  skin 
taut.  This  manipulation  will 
enable  the  bag  to  direct  any 
instrument  to  the  center  of 
the  stenosed  area  more  accu- 
rately than  a  silk  thread.  It 
is  hardly  possible  to  run  the 
tip  of  the  instrument  into 
pockets.  The  time  of  passage 
of  the  bougie  is  a  matter  of 
only  a  few  minutes.  Traga- 
canth  and  Irish  moss,  when 
made  up  to  the  consistency  of 
thick  molasses  and  flavored, 

is  the  best  lubricant.  For  retrograde  dilatation,  remove  the  connecting  tube  from 
the  skin,  after  running  in  the  60  c.  c.  of  thick  glycerin-bismuth  mixture,  and 
tie  up  the  end  with  silk  tape,  the  ends  of  which  are  left  long.  A  urethral  silk 
catheter  of  18  to  20  French,  with  tip  cut  off  and  smoothed,  is  then  passed  over 
the  tape  and  skin  to  the  site  of  the  stricture.  The  tape  is  then  pulled  tight  while 
the  catheter  is  held  in  place,  so  as  to  balloon  the  lower  end  of  the  skin.  Steady 
traction  is  then  given  the  catheter  and  tape,  care  being  taken  at  the  same  time  not  to 
exert  too  much  force.  The  skin,  however,  will  act  as  a  safety  valve,  and  will  break 
if  too  much  force  is  applied.  The  pressure  can  be  varied  by  manipulating  the  tape 
and  catheter. 

"The  skins  may  also  be  used  with  the  esophagoscope  and  mechanical  dilators,  the 
slippery  nature  of  the  skins  allowing  the  instruments  to  be  more  easily  passed  within 
them,  thus  limiting  the  amount  of  trauma  to  the  esophageal  mucosa.  Inasmuch  as  the 
skins  are  obtainable  in  any  community,  they  render  possible  the  performance  of  vari- 
ous procedures,  including  retrograde  dilatation,  which  would  otherwise  require  an 
elaborate  set  of  instruments  and  a  technic  which  is  not  possessed  by  the  general 
practitioner," 


FIG.  3. — RADIOGRAPH  AFTER  THE  INSERTION  OF  DR.  CRUMP'S 
BISMUTH-FILLED  MEMBRANE. 
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The  above  methods  of  examination  have  been  mentioned  for  the  sake  of 
completeness.  It  is  tin-  chief  purpose  of  the  present  chapter  to  consider  the 
direct  visual  examination  of  the  esophagus  and  stoniaeh. 

A  brief  review,  however,  of  the  history  of  esophagoscopy  and  gastroscopy 
should  properly  precede  the  consideration  of  the  present-day  methods  and  their 
results  because  such  a  reference  will  best  demonstrate  the  development  of  the 
present  types  of  instruments  and  the  reasons  why  certain  ideas  concerning  the 
construction  of  instruments  for  examining  the  esophagus  and  stomach,  which 
are  continually  being  revived,  should  be  forever  discarded. 

History. — All  endoscopy  dates  back  to  Phillip  Bozziui,  who  can  properly  be  called 
the  father  of  endoscopy,  irrespective  of  the  region  in  the  body  to  which  it  is  applied. 
In  1867,  he  published  his  work:  "Der  Lichtleiter  oder  Beechreibtmg  einer  einfachen 
Vorrichtung  und  ihrer  Anwendimg  zur  erleuchtung  inneren  Hohlen  und  Zwischen- 
riiunie  des  lebenden  aiiimalschen  Korper."  It  was  the  promulgation  of  a  new  idea  in 
medicine,  and  opened  up  a  new  field  for  diagnosis  of  disease.  In  many  respects  it  has 
amply  fulfilled  the  expectation  which  Bozzini  entertained  at  that  time  for  his  discovery. 
Like  many  new  discoveries,  it  was  not  favorably  received  during  Box/mi's  life  ami  lie 
himself  did  little  with  it.  It  was  at  least  50  years  later  before  any  new  attempts  were 
made  to  utilize  Bozzini's  idea.  The  attempts  which  were  then  made  were  undertaken 
by  men  devoting  themselves  exclusively  to  various  branches  of  medicine,  affections  of 
the  bladder,  rectum,  etc.,  each  endeavoring  to  perfect  endoscopy  for  his  own  field  of 
work. 

Manuel  Garcia,  in  1856,  made  the  first  attempt  to  apply  endoscopy  to  the  esopha- 
gus. He  barely  saw  the  entrance  to  the  esophagus.  He  was  followed  in  1860  by 
Voltolini  and  Semeleder,  neither  of  whom  was  more  successful.  The  latter  recognized 
the  slit-like  character  of  the  entrance  to  the  esophagus,  and  attempted  to  spread  it  by 
inserting  forceps  which  separated  laterally,  thus  transforming  the  orifice  of  the  esopha- 
gus into  an  opening  resembling  the  figure  8. 

Bevan,  of  England,  in  1868,  really  constructed  the  first  esophagoscope.  It  con- 
sisted of  a  straight  tube,  4  in.  long,  fitted  with  a  mirror  at  the  upper  end,  by  means 
of  which  the  light  was  reflected  through  the  tube.  When  in  position,  the  tube  was 
supported  with  a  handle,  the  2  fork-like  divisions  of  which  supported  the  instrument 
on  either  side  of  its  upper  end.  He  soon  modified  his  instrument  to  consist  of  4  rods 
jointed  together  at  equidistant  points  around  the  instrument,  so  that  the  mucous 
membrane  of  all  that  portion  of  the  esophagus  into  which  the  instrument  was  inserted 
could  be  examined  at  once.  Two  years  later,  Woldenburg.  apparently  without  the 
knowledge  of  Bevan's  instrument,  constructed  a  very  similar  one.  Woldenburg's 
esophagoscope  was  14  cm.  long  and  7  mm.  in  diameter.  He  also  constructed  a  longer 
tube  capable  of  being  passed  through  the  first  one.  The  illumination,  as  in  Sevan's 
instrument,  was  obtained  by  means  of  a  laryngoscopic  mirror  placed  at  the  top  of  the 
instrument.  With  his  instrument,  Woldenburg  diagnosed  a  pressure  diverticulum. 

Stoerk  attempted  to  use  the  Woldenburg  instrument,  but  soon  concluded  that  it 
was  too  uncomfortable  a  procedure  for  both  patient  and  surgeon.  In  order  to  overcome 
this  difficulty,  which  chiefly  concerned  the  introduction  of  the  instrument,  he  at- 
tempted to  develop  the  idea  of  a  flexible  tube  which  could  be  introduced  in  a  curved 
condition.  The  idea  was  not  original  with  him,  but  was  suggested  by  a  tracheoscope 
published  in  1869  by  Durham.  Stoerk  constructed  an  11  cm.  tube  which  was  manipu- 
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lated  by  a  forked  handle,  like  the  Woldenburg  esophagoscope.  It  could  be  introduced 
in  a  flexible  condition  and  then  transformed  into  a  rigid  tube  by  rotating  it  through 
an  arc  of  90°.  The  illumination  was  obtained  by  a  laryngoscopic  mirror.  The  in- 
strument was  covered  by  a  rubber  tube  for  the  sake  of  protecting  the  mucous  mem- 
brane. It  had  the  modest  external  diameter  of  20  mm.,  with  a  lumen  of  13  mm.  At 
the  time  that  Stoerk  published  a  description  of  this  instrument,  he  considered  that  it 
met  the  requirements  in  an  ideal  mariner.  Nevertheless,  he  later  constructed  another 
instrument  of  greater  length,  in  which  he  relinquished  the  principle  of  a  flexible  instru- 
ment for  one  which  was  composed  of  3  parts  and  which  could  be  telescopically  length- 
ened out  from  8  to  20  cm.  Finally,  in  order  to  see  the  cardia,  he  gave  up  this 
last  idea  and  adopted  the  simple  straight  tube,  which  he  introduced  with  the  aid  of  an 
obturator.  Considering,  however,  that  the  introduction  of  this  instrument  caused  too 
great  discomfort,  he  constructed  a  final  instrument  of  sufficient  length  to  reach  the 
cardia,  but  with  a  flexible  distal  portion  which  could  be  converted  into  a  rigid  tube  by 
rotating  it  about  180°.  Stoerk  extracted  many  foreign  bodies  from  the  esophagus 
and  diagnosed  a  number  of  benign  and  malignant  strictures  of  the  esophagus.  He 
used  his  instrument  throughout  his  whole  life,  and  gave  many  demonstrations. 
Nevertheless,  he  was  unable  to  make  the  procedure  popular,  a  fact  which  he  deeply 
regretted.  He,  however,  rendered  a  definite  service,  for  which  his  name  deserves  one  of 
the  first  places  in  the  history  of  esophagoscopy.  He  was  really  the  first  man  to  make 
systematic  use  of  this  method  of  examination. 

About  the  same  period,  Kussmaul  practiced  esophagoscopy.  He  imported  through 
his  assistant  (Housell)  the  Desormeaux  lamp  from  Paris.  While  practicing  upon  a 
sword  swallower  whom  he  met  by  chance  in  Freiburg,  he  learned  the  use  of  long 
straight  tubes.  He  was  the  first  to  diagnose  cancer  of  the  cardia.  He  used  47  cm. 
tubes,  one  oval  and  another  round.  The  diameter  of  the  latter  was  13  mm.  From  the 
examination  of  many  patients,  Kussmaul  concluded  that  a  tube  13  mm.  in  diameter 
could  be  passed  upon  all  normal  individuals. 

In  1881  came  the  epoch-making  work  of  von  Mikulicz,  "Ueber  Gastrostomie  und 
Oesophagoscopie."  This  work  represented  1  year's  experimenting  upon  the  cadaver 
and  a  considerable  clinical  experience.  It  at  last  placed  esophagoscopy  upon  a  firm 
basis  and  introduced  the  modern  technic  and  conclusions  concerning  this  method  of 
examination.  Yon  Mikulicz  demonstrated  that  a  rigid  tube  could  be  passed  to  the 
stomach  on  every  individual  who  was  not  deformed.  He  concluded  that  only  straight 
tubes  and  direct  illumination  should  be  depended  upon  for  the  future,  and  demon- 
strated the  futility  of  using  flexible  tubes.  Subsequent  experience  has  abundantly 
supported  these  conclusions. 

Yon  Mikulicz's  esophagoscope  consisted  of  a  single  straight  rigid  tube,  12  to  13 
mm.  in  diameter.  It  was  introduced  with  an  obturator,  after  the  removal  of  which 
the  observation  tube  was  inserted.  The  latter  carried  a  small  tube  inclosing  a  platinum 
wire,  the  end  of  which  formed  a  loop  which  was  covered  by  a  window  and  which  fur- 
nished the  illumination.  Around  the  wire  was  space  for  a  stream  of  water  which  kept 
the  surrounding  parts  of  the  instrument  cool. 

In  his  first  publication  he  described  accurately  the  appearance  of  the  normal  esoph- 
agus. His  descriptions  of  the  clear-cut  appearances  of  pathological  conditions 
within  the  esophagus — 2  cases  of  carcinoma,  1  case  of  compression  of  the  esophagus, 
2  cases  of  cicatricial  stenosis,  and  2  cases  of  foreign  bodies,  1  of  a  tear  of  the  mucosa, 
and  2  of  ulcer — at  once  revealed  the  possibilities  of  esophagoscopy,  and  raised  this 
method  of  examination  from  a  position  of  doubtful  usefulness  to  one  of  unquestioned 
value. 

In  1882,  von  Mikulicz  reported  to  the  Surgical  Congress  the  findings  in  50  to  60 
cases  of  esophageal  lesions.  Among  these  were  6  or  T  cases  of  diffuse  dilatation  of 
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the  esophagus.     (At  that  time  tin-  literature  contained  only  20  reported  cases.)     He 
used  Mmrpliiii    nareo>i>   ;m<|   plae.-d   tin-   patient    in   the  lateral   position. 

After  his  removal  to  Krakau,  von  Mikulic/'s  time  became  so  occupied  that  he  re- 
port.-d  little  further  on  esophagoscopy,  and  it  was  not  until  Gottstein  published  his 
"Technik  und  Klinik  der  (Esophagoscopie,"  in  1901,  that  any  further  information  of 
the  subsequent  history  <»f  esopha^ox-opy  wa>  available  1'nun  the  von  Mikuliex  Clinic. 
In  1887,  von  Hacker  of  the  Billroth  Clinic  became  deeply  interested  in  eso- 
phagoscopy, and  2  years  after  his  first  experiments  he  was  able  to  review  the  results  of 
a  considerable  number  of  cases.  In  1898  he  reported  the  removal  of  27  foreign  bodies 
and  declared  that  an  internal  esophagotomy  had  not  been  necessary  at  the  Billroth 
Clinic  since  he  had  learned  the  use  of  the  esophagoscope.  He  used  the  rigid  straight 
tul  e  and  an  obturator  for  introduction,  but  introduced  proximal  illumination  by  the 
panelectroscope,  manufactured  for  him  by  Leiter.  With  the  means  at  that  time  avail- 
able for  distal  illumination,  this  was  a  great  improvement.  Von  Hacker  also  added 
the  important  innovation  of  cocainizing  the  pharynx  instead  of  employing  morphin 
and  chloroform  narcosis. 

Rosenheim — almost  contemporaneously  with  von  Hacker — worked  out  a  very  sim- 
ilar instrumentarium  and  technic  for  esophagoscopy.  He  introduced  the  use  of  the 
solid  rubber  obturator  and  the  Casper  panelectroscope.  He  published  a  considerable 
number  of  clinical  experiences  which  served  to  establish  more  firmly  the  reputation  of 
esophagoscopy. 

Kirstein  introduced  at  this  time  the  head  light  which  bears  his  name  and  which 
further  simplified  esophagoscopy.  He  also  contributed  to  the  clinical  knowledge  of 
esophagoscopy  by  several  publications. 

In  1897,  Kelling  of  Dresden  attempted  to  use  a  flexible  tube  which  could  be  trans- 
formed into  a  rigid  tube  after  introduction.  Though  he  made  important  clinical  con- 
tributions, his  instrument  was  not  a  success.  In  some  cases  its  introduction  was  even 
more  difficult  than  that  of  the  straight  tube. 

Einhorn  was  the  first  to  use  a  distal  cold  lamp,  and  Schreiber  added  an  auxiliary 
suction  tube  for  cleansing  purposes. 

In  1903-4,  Gluckmann  described  a  very  complicated  esophagoscope  in  which  provi- 
sion was  made  for  water  dilatation  of  the  lower  end  of  the  esophagus  and  for  its  ex- 
amination by  a  system  of  lenses,  the  surface  of  the  objective  being  kept  clean  by  irri- 
gation. This  attempt  is  mentioned  only  for  the  sake  of  completeness. 

It  is  hardly  necessary  to  state  that,  aside  from  the  numerous  inconveniences  and 
frequent  disappointments  which  are  always  associated  with  complicated  instrument >. 
their  use  is  rendered  superfluous  because  all  the  requirements  are  so  amply  met  by  the 
straight  esophagoscopes.  Practically  all  work  of  any  importance  in  the  development 
of  esophagoscopy  has  been  accomplished  with  the  straight  tube.  It  is,  however,  desir- 
able to  bear  in  mind  the  experience  of  these  earlier  experimenters,  since  every  now  and 
then  one  sees  cropping  out  in  the  literature  descriptions  of  new  instruments  which 
represent  some  variations  of  these  older  discarded  principles.  This  statement  particu- 
larly applies  to  the  attempts  to  get  away  from  the  straight  tube  by  the  use  of  some 
flexible  or  angulated  instrument.  Flexible  and  angulated  instruments  have  been  tried 
out  and  found  not  so  satisfactory  or  successful  as  the  straight  esophagoscopes. 

There  is  a  consensus  of  opinion  regarding  the  superiority  of  the  straight  instru- 
ments among  those  who  have  done  the  best  clinical  work  with  the  esophagoscope.  Von 
Hacker,  Eosenheim,  Kirstein,  Killian,  Gottstein,  Kraus,  Starck,  Sencert,  Guisez,  Jack- 
son, Plummer,  Lerche,  Hill,  and  many  others  who  could  be  mentioned,  believe  that 
the  original  conclusion  of  von  Mikulicz  is  indisputable,  i.  e.  that  the  single  straight 
esophagoscope,  for  both  the  surgeon  and  the  patient,  best  fulfills  the  indications  of 
esophagoscopy.  This  is  the  instrument  whirh  today  is  used  universally.  Many  work- 
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ers  have  made  their  own  individual  variations,  but  in  general  the  type  of  instrument 
designed  by  von  Mikulicz  is  the  one  which  is  used  to-day  by  all  who  are  doing  active 
esophagoscopic  work. 

Types  of  Instruments. — Considerable  difference  of  opinion  still  exists  regarding 
the  relative  advantages  of  proximal  or  distal  illumination.  Chevalier  Jackson  has  been 
responsible  for  demonstrating  the  superior  value  of  distal  illumination.  Although  I 
believe  that  distal  illumination  is  superior,  this  belief  is  not  universally  shared. 

Proximal  illumination  is  still  very  widely  used  in  this  country  as  well  as  abroad. 
I  believe  with  Dr.  Jackson  that  it  will  be  used  less  and  less.  The  improvements  in  the 
manufacture  of  small  electrical  lamps  have  made  possible  an  entirely  practical  and 
very  efficient  form  of  distal  illumination.  The  heated  platinum  filament  with  the  cur- 
rent of  water  for  cooling  purposes  is  no  longer  necessary.  Bulbs  of  bead-like  size  are 
now  manufactured  which  possess  brilliant  illuminating  power  and  yet  do  not  become 
hot.  The  conducting  wires  can  be  inclosed  in  such  a  manner  that  they  will  occupy 
little  space.  The  improvements  in  the  manufacture  of  these  lamps  have  opened  up  a 
new  chapter  in  esophagoscopy. 

The  only  disadvantage  of  distal  illumination,  namely,  the  diminution  in  the  size 


FIG.  4. — THE  AUTHOR'S  ESOPHAGOSCOPE. 

of  the  lumen  of  the  esophagoscope,  has  been  so  far  diminished  that  it  need  no  longer  be 
considered.  On  the  other  hand,  distal  illumination  gives  the  very  great  advantage  of 
bringing  the  light  close  to  the  area  to  be  examined.  Its  rays  are  not  obscured  during 
instrumentation  in  the  manner  that  parallel  rays  from  the  proximal  end  of  the  tube 
are  dimmed.  In  proximal  illumination,  the  rays  must  be  projected  from  a  head  light, 
as  the  Kirstein  light,  or  from  an  electroscope.  When  projected  from  a  head  light, 
much  inconvenience  is  caused  by  the  necessity  for  keeping  the  parallel  rays  in  exact 
line  with  the  direction  of  the  tube.  In  fact,  Starck  advised  that  the  esophagoscope 
and  head  light  should  be  united  in  order  to  prevent  deviation  of  the  rays  of  light  when 
the  rays  are  projected  from  an  electroscope.  The  electroscope  itself  interferes  in  some 
degree  with  the  instrumentation  through  the  esophagoscope. 

To  those  preferring  proximal  illumination,  the  writer  recommends  the  electro- 
scope of  Dr.  Nathan  Green,  which  is  one  of  the  most  serviceable  yet  devised. 

The  accompanying  illustration  pictures  the  instruments  of  some  of  the  various 
authors  named.  That  of  Dr.  Jackson  is  most  extensively  used  in  this  country. 

Figure  4  represents  my  esophagoscope.  It  differs  from  the  Jackson  instru- 
ment in  the  elimination  of  the  lateral  tubes  for  purposes  of  carrying  the  lamp 
and  permitting  aspiration.  At  the  distal  end  of  the  instrument  is  a  small 
recess  in  the  outer  wall  of  the  tube  into  which  the  lamp  falls  when  introduced 
into  the  sheath.  The  lamp  is  attached  to  a  separate  tube  of  extreme  thinness 
by  means  of  a  tongue-like  spring.  When  this  inside  tube  is  introduced  within 
the  outer  sheath,  the  tongue  springs  the  lamp  into  the  recess.  It  is  thus  not  only 
hidden  entirely  from  the  eye  of  the  observer,  but  does  not  obstruct  the  lumen 
of  the  tube.  The  sheath  of  the  tube  to  which  the  lamp  is  attached  is  so  thin 
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thai  it  reduces  the  lumen  of  the  external  sheath  by  less  than  '  L.  nun.,  an  amount 
insiifliciciit.  to  make  any  material  difference  t«»  the  oh-em  i-. 

The  provision  made  for  accommodating  the  lamp  in  a  small  recess  at  the 
distal  end  of  the  instrument  enables  one  to  UH-  a  perfectly  round  sheath  for 
practically  the  full  length  of  the  esoplm^. •>.-., j,.-.  a  feature*  which  1  cmi-idcr 
an  advantage.  It  may  be  argued  that  the  location  in  which  it  is  especially 
doirahle  to  maintain  a  small  diameter  in  an  esophagoscope  is  at  the  portion 
passing  through  the  cervical  esophagus  and  that  here  only  the  anteroposterior 
diameter  is  important;  yet  when  a  full  set  of  teeth  is  present  it  is  less  difficult 
to  pass  the  instrument  at  the  side  of  the  month  and  in  this  situation  it  is  the 
opposite  diameter— the  transverse-  in  which  it  is  desirable  to  economize  space. 
On  this  account,  a  round  instrument  is  the  most  serviceable.  The  obturator  is 
not  inserted  within  the  instrument  at  the  beginning  of  the  introduction.  After 
the  opening  of  the  esophagus  is  located  by  the  eye,  it  is  occasionally  useful  to 
overcome  the  resistance  to  the  entrance  of  the  esophagus  by  passing  the  obturator 
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FIG.  5. — INTRA-ESOPHAOEAL  FORCEPS  FOR  THE  REMOVAL  OF  FOREIGN  BODIES  AND  BITS  or  TISSUES 

FOR  MICROSCOPICAL  EXAMINATION. 

through  the  entrance  of  the  esophagus  and  then  to  withdraw  the  obturator. 
This  procedure  sometimes  facilitates  passing  the  instrument  through  the  mouth 
of  the  esophagus  and  does  not  interfere  with  the  examination  of  the  entire 
length  of  the  canal. 

The  addition  to  an  esophagoscope  of  an  auxiliary  tube  for  aspirating  pur- 
poses is  superfluous,  and,  therefore,  is  objectionable  because  of  the  extra  space 
which  it  occupies.  It  is  much  better  to  aspirate  the  fluid  contents  of  the  esoph- 
agus by  a  separate  tube  passed  within  the  instrument  each  time  that  aspiration 
becomes  necessary.  Such  a  tube  can  be  connected  by  a  small  rubber  pipe  to  a 
bottle  in  series  with  a  water  suction  pump  screwed  to  a  faucet.  The  pressure  in 
the  bottle  may  be  regulated  to  any  degree  desired  by  the  rate  at  which  the 
water  is  allowed  to  run.  Within  the  esophagus  of  an  individual  properly  pre- 
pared for  examination  repeated  aspirations  are  unnecessary.  After  withdraw- 
ing the  secretions,  once  or  twice,  the  lumen  remains  empty.  It  is  better  to 
withdraw  the  secretions  through  a  large  tube  than  through  the  small  collateral 
tubes  incorporated  in  the  instruments  of  the  other  type,  as  thus  the  secretions 
can  be  withdrawn  quickly  and  the  more  solid  or  viscid  portions  will  not  clog  the 
aspirating  tube.  When  the  stomach  of  a  patient  who  has  fasted  for  2-i  hours — 
or  at  least  overnight — is  cleansed  thus,  it  will  remain  free  from  fluid. 

Figure  5  represents  the  forceps  which  may  be  used  for  the  removal  of 
foreign  bodies  or  bits  of  tissue  for  microscopical  examination.  The  ends  occupy 
very  little  space  and  yet  possess  a  wide  angle  of  rotation,  so  that  it  is  easy  for 
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them  to  secure  a  very  firm  bite  upon  any  object  which  it  is  desired  to  catch 
between  them. 

The  outside  diameter  of  the  sheath  of  my  esophagoscope  measures  11  mm. 
and  the  instrument  is  18  inches  (45  cm.)  long.  Another  size  is  9  mm.  in 
diameter  and  12  inches  (30  cm.)  long.  A  third  is  7  mm.  in  diameter  and 
IS1/^  inches  (38  cm.)  long.  These  3  sizes  are  needed  for  the  various  exami- 
nations which  may  be  required.  The  outer  surface  of  the  esophagoscope  should 
be  as  smooth  as  possible  and  should  be  marked  with  fine  lines  at  centimeter 
intervals,  each  mark  indicating  the  distance  from  the  aboral  end  of  the  tube. 
The  inner  surface  of  an  esophagoscope  should  not  be  polished  but  roughened 
in  a  manner  which  will  scatter  the  rays  of  light  and  prevent  them  from  being 
reflected  into  the  eye.  It  does  not  seem  possible  to  attain  a  permanent  blacken- 
ing of  the  inside  surface  of  the  instrument. 

In  the  description  of  the  various  types  of  instruments  which  have  been 
used  for  esophagoscopy,  mention  has  not  yet  been  made  of  an  instrument  which 
has  been  perfected  recently  by  Dr.  Lewisohn.  In  this  instrument  several  old 
ideas  are  combined  so  ingeniously  that  it  would  be  most  ungenerous  to  take 
issue  with  Dr.  Lewisohn's  claim  that  he  has  originated  a  new  principle  in 
esophagoscopy. 

It  is  right-angled  and  may  telescopically  be  lengthened  out  after  its  intro- 
duction into  the  pharynx.  The  object  of  the  instrument  is  to  enable  the  oper- 
ator to  view  the  whole  of  the  esophagus  without  extending  the  patient's  head. 
The  mechanism  is  obviously  complicated.  The  esophagus  is  viewed  indirectly 
through  a  prism,  and  all  instrumentation  must  be  done  around  a  corner.  The 
instrument  is  thus  adapted  chiefly  for  diagnostic  purposes.  Dr.  Lewisohn  con- 
templates perfecting  his  instrument  so  that  foreign  bodies  and  bits  of  tissue 
for  microscopical  examination  can  be  removed  through  it.  If  he  succeeds  in  so 
doing,  and  if,  after  further  use  of  his  instrument,  he  is  able  to  introduce  it  with 
less  discomfort  and  to  examine  and  perform  the  various  manipulations  within 
the  esophagus  with  the  same  speed  and  facility  with  which  they  can  be  accom- 
plished through  the  straight  tube,  he  will  have  made  an  advance  in  esophagos- 
copy. However,  the  experience  of  von  Mikulicz,  namely,  that  the  straight 
tube  can  be  introduced  with  little  discomfort  in  the  normal  individual  and 
that  the  various  manipulations  through  it  are  simple,  is  universally  confirmed 
by  all  who  have  acquired  skill  in  esophagoscopy  and  gastroscopy.  Very  strong 
reasons  must  exist,  therefore,  before  it  will  be  replaced  by  even  such  a  type  of 
instrument  as  Dr.  Lewisohn  has  devised. 

THE  TECHNIC  OF  ESOPHAGOSCOPIC  EXAMINATION 

Preparation  of  the  Patient. — It  is  assumed  that  a  detailed  history  has  been 
taken,  that  a  physical  examination  has  been  made,  and  that  all  contra-indi- 
cations  to  the  procedure  have  been  excluded. 

The  mouth  of  the  patient  should  be  examined  and  cleaned.    If  there  is  time 
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before  the  operation,  any  hopelessly  decayed  teeth  should  be  removed,  and  other 
diseased  teeth  should  be  properly  filled.  It  is  absolutely  essential  that  the  stom- 
ach and  esophagus  shall  be  empty.  No  food  should  be  taken  for  at  least  12 
hours  before  the  time  of  the  examination.  In  special  cases  food  must  be  with- 
hold for  a  longer  period. 

Anesthesia.-  It  is  not  necessary  to  give  general  anesthesia  for  an  o^.ph. 
scopic  examination  in  the  average  patient.  As  has  been  said,  one  awir-tunied 
to  making  these  examinations  can  pass  the  tube  in  the  normal  individual  with 
only  trivial  discomfort  to  the  patient.  The  administration  of  a  general  anes- 
thetic may  be  needed  in  certain  deformed  individuals  and  in  nervous  patients. 
I  believe  that  when  general  anesthesia  is  indicated,  intratracheal  insufflation  is 
the  method  of  choice.  '  For  practically  all  cases  reliance  should  be  placed  en- 
tirely upon  morpliin  and  a  local  application  of  coca  in.  Morphin  should  be 
given  in  a  liberal  dose,  as  much  as  %  gr-  combined  with  atropin  to  many  pa- 
tients. It  should  be  injected  hypodermically  1  hour  before  the  esophagoscopic 
examination.  Immediately  preceding  the  examination,  the  posterior  surface  of 
the  tongue,  tonsils,  and  pharynx  should  be  touched  with  a  10  per  cent,  solution 
of  cocain.  A  second  swab  of  cotton,  securely  fastened  upon  the  end  of  the  ap- 
plicator, should  be  pushed  down  into  the  esophagus  at  least  as  far  as  the  cricoid 
cartilage ;  and  a  third  swab,  if  possible,  through  the  cervical  constriction  at  the 
entrance  of  the  esophagus. 

Position  of  the  Patient. — The  patient  should  then  be  placed  in  the  position 
in  which  it  is  chosen  to  make  the  examination.  Esophagoscopists  differ  as  to 
the  best  position.  A  few  select  the  sitting  position.  In  the  experience  of  the 
majority,  including  myself,  the  sitting  position  is  not  nearly  so  convenient, 
safe,  or  comfortable  for  the  patient.  A  number  of  examiners — von  Mikulicz, 
Gottstein,  Rosenheim,  Kelling,  Reizenstein,  Harmer,  Jackson — use  the  lateral 
position.  Von  Hacker  has  been  in  the  habit  of  introducing  the  tube  in  the 
sitting  position  and  then  placing  the  patient  either  on  the  back  or  the  side.  He 
particularly  states  that  patients  who  have  occupied  both  the  lateral  and  the 
dorsal  position  prefer  the  latter.  The  majority  of  workers  prefer  the  dorsal 
position.  Starck  has  used  both  positions,  according  to  what  he  believes  to  be 
special  indications  for  the  one  or  the  other.  I  also  have  used  both  positions, 
but  prefer  the  dorsal  position.  In  the  lateral  position  the  patient  constantly 
presses  his  shoulders  backward.  In  the  dorsal  position  all  patients  are  much 
more  comfortable,  it  is  far  easier  for  them  to  remain  quiet  throughout  the  ex- 
amination, and  there  is  no  tendency  toward  displacement  of  the  shoulders. 

A  number  of  workers  have  advised  so  adjusting  the  table  that  the  head  is 
lower  than  the  feet,'  in  order  to  prevent  fluid  from  gravitating  to  the  lower  por- 
tion of  the  esophagus  during  the  examination.  I  am  convinced  that  better 
results  are  obtained  if  the  table  is  so  inclined  that  the  contents  of  the  esophagus 
will  gravitate  toward  the  stomach.  After  the  fluid  once  has  been  aspirated, 
sufficient  will  not  collect  during  the  remainder  of  the  examination  to  annoy  the 
examiner.  The  patient's  comfort  is  greatly  contributed  to  by  preventing  the 
29  B 
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fluid  from  flowing  out  of  the  mouth  and  through  the  nose,  as  it  invariably  does 
when  the  oral  end  of  the  esophagus  is  lower  than  the  aboral  end.  Moreover,  in 
the  dependent  position  of  the  upper  extremity  of  the  esophagus  the  congestion 
in  the  head  is  greater  and  far  more  disagreeable  than  when  the  head  is  higher. 
When  the  head  of  the  table  is  raised  to  permit  of  the  proper  inclination  of  the 
esophagus,  it  is  important  to  provide  against  the  patient  slipping  toward  the 
foot  of  the  table.  The  knees  of  the  patient  should  be  flexed,  in  order  to  relax 
the  abdomen.  Many  devices  have  been  contrived  to  hold  the  head.  It  would 
be  useful  if  some  rest  could  be  made  to  hold  the  head  and  at  the  same  time  per- 
mit a  change  of  position.  A  head-rest  is  more  conducive  to  relaxation  than  the 
support  afforded  by  the  hands  of  an  assistant,  but  no  head  rest  has  yet  been 
devised  that  permits  of  the  rapid  and  intelligent  changes  in  the  position  of  the 
head  which  can  be  accomplished  by  the  hands  of  an  assistant. 

The  Assistant. — The  assistant  who  holds  the  patient's  head  is  a  most  im- 
portant factor  in  the  examination.  He  should  be  trained  to  respond  to  the 
signals  of  the  operator.  The  position  known  as  the  Boyce  position,  described 
by  Dr.  Boyce,  is  the  most  useful  position  for  the  assistant.  It  is  substantially 
the  one  used  by  me.  The  assistant  should  take  his  position  at  the  right  of  the 
patient,  facing  him.  The  assistant's  right  arm  should  pass  behind  the  patient's 
neck  and  rest,  if  possible,  upon  a  support  attached  to  the  table  to  the  left  of  the 
patient.  This  arm  will  then  form  a  support  for  the  patient  of  a  far  more  stable 
character  than  when  the  head  rests  in  the  free  hands  of  an  assistant.  The  pa- 
tient appreciates  the  stable  character  of  this  method  of  support  and  will  trust 
himself  to  the  assistant  with  more  confidence  and  greater  relaxation.  The  left 
hand  of  the  assistant  should  be  placed  upon  the  patient's  forehead.  In  this 
position  the  correct  amount  of  extension  and  rotation  of  the  head  can  be  secured. 

The  operator  takes  his  place  to  the  left,  facing  the  patient.  His  instru- 
ments should  be  placed  upon  a  table  within  easy  reach,  and  to  his  right.  A  sec- 
ond assistant  is  required  to  hold  the  suction  tube,  to  hand  it  to  the  operator,  and 
take  it  from  him  when  necessary.  The  relative  positions  of  the  surgeon,  assist- 
ants and  patient,  with  the  various  degrees  of  insertion  of  the  gastroscope,  are 
illustrated  in  Figure  6. 

Introduction  of  the  Esophagoscope. — The  operator  is  now  ready  to  pass  the 
esophagoscope.  Holding  the  instrument  by  its  oral  extremity  with  the  right 
hand,  and  inserting  the  thumb  and  index  finger  of  the  left  hand  into  the  pa- 
tient's mouth  and  with  them  spreading  his  lips,  the  aboral  end  of  the  esophago- 
scope is  passed  over  the  tongue  and  follows  the  pharyngeal  wall  downward  until 
the  epiglottis  is  recognized.  In  individuals  with  a  full  set  of  teeth,  the  shaft  of 
the  instrument  should  occupy  the  space  between  the  lateral  teeth  of  the  upper 
and  lower  jaws.  If  a  number  of  teeth  are  absent,  it  is  advantageous  to  pass 
the  instrument  through  such  defects.  When  all  the  teeth  are  absent,  the  passage 
of  an  esophagoscope  is  facilitated,  and  any  portion  of  the  mouth  may  be  occu- 
pied by  the  shaft.  In  normal  individuals  with  a  full  set  of  teeth,  an  esophago- 
scope may  be  passed  between  the  incisors,  but  more  space  is  gained  by  passing 
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it  to  the  side  of  the  incisor  teeth  between  the  molars  and  bicuspids  of  the  upper 
and  lower  jaws.  The  advantage  of  passing  an  instrument  at  the  side  is  so 
great  that  it  constitutes  one  reason  for  using  an  instrument  which  is  round  on 
cross-section. 
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During  the  introduction  of  the  esophagoscope  every  centimeter  of  the  dis- 
tance traversed  by  the  aboral  end  should  be  viewed  by  the  surgeon.  When  the 
epiglottis  is  recognized,  the  instrument  should  be  passed  behind  and  to  the  right. 
The  arytenoid  cartilages  come  into  view  as  the  epiglottis  is  passed.  Behind  the 
arytenoids,  which  are  passed  to  the  side,  the  entrance  to  the  esophagus  will  be 
recognized.  With  the  head  extended,  the  entrance  to  the  esophagus  is  much  com- 
pressed by  the  anterior  group  of  sternolaryngeal  muscles  and  has  been  described 
as  slit-like.  Nevertheless,  through  the  esophagoscope  it  always  appears  circu- 
lar and  contracted  about  a  central  point  or  dimple  which  represents  the  lumen  of 
the  canal  (Fig.  9).  Varying  numbers  of  furrows  pass  from  the  periphery  to 
the  central  dimple. 

The  ease  with  which  the  esophagoscope  can  be  forced  onward  depends  much 
upon  the  direction  which  is  given  to  the  long  axis  of  the  instrument.  Beginners 
are  very  apt  to  believe  that  the  obstruction  to  the  passage  of  the  instrument  at 
this  level  is  due  to  insufficient  extension  of  the  head.  This  impression  is  pro- 
duced by  the  projection  forward  of  the  anterior  curve  of  the  bodies  of  the 
cervical  vertebrae  in  front  of  the  lumen  of  the  esophagoscope.  Further  ex- 
tension of  the  head  increases  the  difficulty.  The  long  axis  of  the  esophagus 
passes  from  above  downward,  posterior  to  the  long  axis  of  the  body,  deviating 
from  the  latter  at  an  acute  angle.  The  instrument  should  be  held  in  the  direc- 
tion of  the  esophagus  before  it  is  passed  onward.  At  the  same  time  the  aboral 
end  of  the  esophagoscope  should  be  lifted  forward  by  the  finger  so  as  to  lift  the 
larynx  and  thus  overcome  the  pressure  exerted  in  a  backward  direction  by  the 
anterior  hyoid  muscles.  With  patients  in  whom  a  greater  degree  of  resistance 
is  encountered  at  the  entrance  to  the  esophagus  an  obturator  of  soft  rubber  is 
pushed  only  through  the  cervical  constriction  and  immediately  withdrawn.  The 
arytenoids  are  passed  on  the  side  through  the  pyriform  sinuses. 

After  this  procedure,  the  esophagoscope  enters  readily.  It  is  on  account  of 
the  difficulty  of  entering  the  esophagus  that  von  Mikulicz  and  Starck  have  in- 
sisted upon  passing  an  esophagoscope  with  the  obturator  in  situ  until  after  the 
cervical  constriction  has  been  passed.  This  method  of  passing  an  esophagoscope 
is  a  blind  one;  as  Chevalier  Jackson  and  others  have  shown,  the  obturator  is 
unnecessary  and  its  use  deprives  one  of  the  advantage  of  examining  the  cervical 
esophagus  progressively  from  above  downward.  It  is  sometimes  useful,  how- 
ever, after  identifying  the  cervical  constriction  of  the  esophagus  to  pass  an 
obturator  just  within  this  orifice. 

After  passing  the  cervical  constriction,  the  discomfort  experienced  by  the 
patient  is  slight  and  further  progress  is  easy  in  the  normal  esophagus.  Its  walls 
fall  apart  as  the  end  of  the  instrument  progresses,  since  the  normal  intra- 
thoracic  esophagus  is  not  a  closed  tube  (Fig.  7).  As  the  level  of  the  aorta  and 
left  bronchus  is  reached,  a  definite  convex  prominence  produced  by  these  struc- 
tures projects  from  the  anterior  wall.  The  oral  end  of  the  esophagoscope  must 
be  elevated  and  the  head  of  the  patient  flexed,  so  that  the  aboral  end  of  the 
esophagoscope  can  pass  around  the  arch  of  the  aorta  and  the  left  bronchus. 
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After  these  structures  arc  passed,  the  head  "I  the  patient  is  extended  l«>  it- 
former  push  inn  and  the  further  progress  of  the  in.-t niment  is  unobstructed 
until  the  cardia  is  reached. 

Below  the  level  of  the  bronchus  the  lumen  of  the  esophagus  :  capacious; 
its  walls  come  together  and  separate  regularly  with  re-pinitinn.  The  sub- 
hrnnchial  portion  of  the  esophagus  curves  gently  forward,  this  curvature  in- 
crcjising  greatly  at  the  eardia.  The  passage  of  the  esophagus  into  the  stomach 
is  marked  by  a  considerable  curvature  forward  and  to  the  left.  At  the  cardia 
the  second  constriction  is  met.  Furrows  radiating  from  the  periphery  meet  at 
a  central  dimple  in  the  form  of  a  rosette  (Fig.  8).  The  resi-tain-e  encountered 
at  the  cardia  is  more  easily  overcome  than  that  at  the  entrance  to  the  esopha- 
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gus.  Upon  slight  pressure  forward,  the  central  dimple  dilates  into  a  hole,  which 
in  turn  enlarges  and  contracts  with  the  respiratory  movements.  The  constricted 
portion  of  the  esophagus  at  the  cardia  is  surrounded  by  the  diaphragm,  and 
measures  from  2  to  3  cm.  in  length.  The  close  relation  of  the  diaphragmatic 
portion  of  the  esophagus  to  the  aorta  causes  the  latter  to  impart  a  pulsation 
to  the  esophagoscope.  As  the  esophagoscope  passes  through  the  cardia  it 
emerges  into  the  stomach.  This  transition  from  the  esophagus  to  the  stomach 
is  recognized  by  the  change  in  color  of  the  mucous  membrane.  The  color  of  the 
mucous  membrane  of  the  normal  esophagus  is  pale  red,  while  that  of  the  stom- 
ach is  of  a  deeper  red  and  is  thrown  into  folds  (the  rugae  of  the  stomach). 

THE  DIAGNOSIS  AND  TREATMENT  OF  ESOPHAGEAL  LESIONS 
THROUGH  THE  ESOPHAGOSCOPE 

BENIGN    CICATEICIAL    STENOSIS 

Etiology. — The  simplest  esophageal  lesion  is  a  benign  stenosis.    It  is  rather 
rare  and  is  most  often  caused  by  caustic  alkalies  or  strong  acids  which  have  been 
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swallowed  by  mistake.  Because  of  this  fact,  the  lesion  occurs  more  frequently 
among  children.  Cicatricial  stenosis  of  the  esophagus  may  result  after  a  burn 
or  a  wound  produced  by  a  foreign  body.  It  may  occur  after  typhoid  or  diph- 
theritic ulcerations,  or  may  follow  tertiary  syphilis  of  the  esophagus.  Guisez 
has  observed  only  one  case  of  syphilis  of  the  esophagus.  Downie,  on  the  other 
hand,  believes  it  to  be  fairly  common  and  frequently  overlooked. 

Of  110  cases  of  benign  stenosis  collected  by  Lerche,  and  reported  between 
the  years  1890  and  1910,  one  half  of  the  strictures  occurred  in  children  under 
10  years  of  age.  The  majority  were  caused  by  caustics,  and  of  these  82  were 
caused  by  caustic  alkalies;  7  were  caused  by  strong  hydrochloric  acid;  5  were 
caused  by  sulphuric  acid ;  3  by  nitric  acid ;  2  by  mixed  acids ;  2  by  chlorid  of 
zinc;  and  2  by  ammonia.  He  further  states  that  of  100  cases  collected  by  von 
Hacker  previous  to  1889,  approximately  the  same  proportions  of  causative 
agents  were  found.  In  this  list  no  mention  is  made  of  foreign  bodies.  A  num- 
ber of  isolated  instances  have  occurred  in  which  benign  stenosis  of  the  esophagus 
has  developed  from  ulceration  caused  by  long-retained  foreign  bodies. 

The  first  changes  which  result  from  drinking  a  caustic  are  those  of  acute 
inflammation.  These  subside,  and  no  further  ill  effects  may  be  felt  for  a 
period  of  2  to  8  weeks.  At  the  expiration  of  this  time  a  slowly  increasing 
dysphagia  may  set  in.  If  untreated,  it  will  increase  until  it  becomes  absolute. 
Death  may  then  follow  from  inanition.  A  number  have  terminated  by  per- 
foration or  from  intercurrent  disease  dependent  partly  on  the  dysphagia. 

Appearance  Through  the  Esophagoscope. — The  appearance  of  a  benign  ste- 
nosis, as  viewed  through  the  esophagoscope,  varies  much  with  the  age  of  the 
process  and  the  amount  of  infiltration  of  the  walls  of  the  esophagus.  In  some 
cases  the  esophagus  will  lead  to  the  stenosis  in  a  funnel-like  form ;  in  others,  the 
lumen  of  the  esophagus  will  not  be  diminished  until  the  level  of  the  stenosis  is 
reached.  Varying  amounts  of  scar  tissue  may  be  present  and  aid  materially  in 
the  diagnosis.  In  some  cases  these  are  present  as  bands  stretching  across  the 
lumen;  in  others,  as  wide  streaks;  in  still  others,  intermingled  with  redder, 
darker  areas,  producing  a  mottled  appearance.  Over  the  stenosed  area,  and 
frequently  in  the  esophageal  walls  above  it,  the  mucous  membrane  is  pale  and 
atrophic.  The  lumen  of  the  stenosis  may  be  eccentric,  particularly  in  the  aboral 
extremity  of  the  esophagus;  or  it  may  be  centrally  placed,  according  to  the 
degree  of  stenosis.  The  lumen  may  be  partially  opened,  or  it  may  be  too  con- 
stricted to  admit  a  fine  bougie  through  it.  If  the  stenosis  is  recent,  there  may 
be  exudative  infiltrations  of  the  walls  and  failure  of  the  normal  movements  of 
the  esophagus.  Some  limitation  of  movement  is  generally  present  in  older 
strictures,  but  never  that  absolute  immobility  met  with  in  carcinoma. 

There  is  also  an  entire  lack  of  the  polypoid  tumor  formation  usually  found 
in  cancer,  unless  fresh  ulceration  is  present,  when  small  granulomas,  which 
may  bleed  easily,  may  be  present.  It  is  usually  quite  easy  to  differentiate  them 
from  cancer.  Folds  and  furrows  may  exist  in  the  walls  of  the  stenosis,  which 
will  render  the  passage  of  the  sound  through  the  same  difficult.  Usually  the 
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walls  of  the  stenosis  are  perfectly  smooth  and  pale,  or  they  may  even  glisten  in 
the  light  from  the  lamp  of  the  esophagoscope  (Fig.  9). 

Mortality  without  Esophagoscopy.  il<>\\  death  may  occur  in  another  man- 
ner, and  the  lessons  to  be  lcanic<l  therefrom,  are  best  illustrated  by  von  Hacker's 
series  of  100  cases,  reported  before  the  days  of  esophagoscopy.  Of  these  100 
cases,  25  died  as  a  result  of  attempted  dilatation  by  bougies.  In  nearly  all  the 
esophagus  was  perforated.  In  2  cases  the  esophagus  was  perforated  by  a  for- 
eign body,  causing  the  stenosis.  In  addition  to  these  25  patients,  22  others  of 
the  series  of  100  cases  failed  to  be  relieved  and  died  as  a  result  of  the  stenosis. 

Of  34  cases  of  cicatricial  strictures 
coming  to  autopsy  in  the  Pathological 
Institute  of  Vienna  from  1877  to  1886, 
death  was  due  in  10  cases  to  perfora- 
tion by  a  bougie;  and  in  6  other  cases 
to  perforation  of  an  ulcer  situated  above 
the  stenosis.  The  remainder  of  the  34 
patients  died  of  inanition  or  tuberculo- 
sis. The  success  of  single  dilatation  by 
blindly  passing  bougies  with  or  without 
gastrotomy  may  be  judged  from  a  re- 
port by  Ashurst,  who  records  8  patients 
treated  in  this  manner.  In  all  of  the 
8  patients  an  unsatisfactory  outcome 
resulted.  The  paper  forcibly  illustrates 
the  necessity  for  more  accurate  and  radi- 
cal treatment. 

Treatment. — Benign  stenosis  of  the  esophagus  is,  therefore,  a  serious  con- 
dition, progressing  steadily  and  fairly  rapidly  to  death,  and  demanding  a 
form  of  treatment  suited  to  each  patient.  Therapeutically,  the  patients  may  be 
divided  into  3  classes: 

STENOSIS  EEQUIRING  DILATATION  ONLY. — First,  patients  with  beginning 
stenosis  or  thin  membranous  strictures.  In  this  class  come  all  those  patients  in 
whom  dilatation  can  easily  be  accomplished  by  bougies  or  graduated  olives.  In 
dealing  with  patients  of  this  first  class — and  certainly  with  all  others — it  is  far 
safer  to  practice  the  first  dilatation  through  the  esophagoscope. 

STENOSIS  EEQUIRING  INTRA-ESOPHAGEAL  OPERATIVE  PROCEDURE. — The 
second  class  of  patients  are  those  with  whom  it  is  desirable  to  employ,  in  addi- 
tion to  simple  forcible  dilatation,  some  means  for  directly  attacking  the  scar 
tissue.  While  it  is  undoubtedly  true  that  perhaps  the  majority  of  patients  of 
this  class  may  be  successfully  treated  by  forcible  dilatation  alone,  yet  even  in 
these  cases  recurrences  are  frequent,  and  repeated  stretching  is  necessary  unless 
some  intra-esophageal  operative  procedure  is  adopted  for  dealing  directly  with 
the  scar  tissue. 

The  operative  procedures  in  this  second  class  of  patients  may  be  as  follows : 


FIG.  9. — CICATRICIAL  STENOSIS  OF  THE 
ESOPHAGUS. 
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(1)    internal  esophagotomy,   and    (2)    intra-esophageal  electrolysis.     Both  of 
these  procedures  have  given  excellent  results. 

INTERNAL  ESOPHAGOTOMY. — Internal  esophagotomy  has  been  successfully 
practiced  by  von  Hacker,  Guisez,  Sencert,  Jackson,  Starck,  and  Hill.  The 
technic  of  this  form  of  treatment,  however,  has  been  best  defined  by  Lerche, 
who  has  devised  a  very  satisfactory  esophagotome  for  internal  esophagotomy 
(Fig.  13).  The  lumen  leading  through  the  stricture  is  first  identified  through 
the  esophagoscope,  then  slightly  dilated  by  passing  through  it  as  many  of  the 
series  of  graduated  bougies  as  can  be  made  to  slip  through  easily.  The  eso- 
phagotome is  then  inserted,  opened  up,  and  placed  in  such  a  manner  that  the 


FIG.  10. — LERCHE'S  ESOPHAGOTOME. 

cutting  blade  will  divide  the  portion  of  the  stricture  containing  the  largest 
amount  of  scar  tissue.  Figure  10  represents  Lerche's  esophagotome.  The 
cutting  blade  of  this  instrument  is  so  arranged  that  the  tissues  will  be  divided 
to  a  depth  of  only  1  to  1.5  mm.  in  a  child,  and  2  to  3  mm.  in  an  adult.  After 
such  a  division,  the  stricture  may  be  quickly  stretched  to  admit  one  of  the 
larger  bougies,  10  mm.,  at  least,  in  diameter.  After  an  interval  of  a  week 
to  10  days,  bougies  or  olives  should  be  passed  again,  and  perhaps  once  again 
after  another  similar  interval.  While  it  still  will  be  necessary  for  the  patient 
to  remain  under  observation,  and  while  this  method  of  treatment  may  not 
guarantee  a  permanent  cure,  yet  recurrences  after  it  are  far  more  rare  than 
when  dilatation  alone  is  practiced.  Lerche  has  reported  excellent  results 
in  all  of  5  cases  treated  by  this  means.  In  4  of  these  cases  the  strictures  may  be 
said  to  have  belonged  to  the  impermeable  class. 

Another  form  of  internal  esophagotomy  is  known  as  the  Abbe  string  method. 
It  was  devised  by  Dr.  Robert  Abbe  for  the  treatment  of  impassable  strictures. 
The  method  consists  in  performing  gastrostomy,  through  the  opening  of  which, 
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with  the  air  of  a  filiform  bougie  which  is  passed  from  below  upward,  a  string  is 
drawn  upward  from  the  stomach  into  the  mouth.  By  pulling  the  string  back- 
ward and  forward  the  stricture  may  be  sawed  through.  The  case  which  Dr. 
Abbe  reported  was  very  successfully  treated  by  tin.-  method. 

Peterson  and  Hartwell  also  have  each  reported  a  patient  successfully  treated 
by  this  method. 

Internal  esophagotomy  has  given  good  results;  nevertheless,  the  procedure 
is  not  devoid  of  danger,  and  for  this  reason  I  believe  that  it  is  desirable  to  con- 
sider the  treatment  of  cicatricial  stenosis  of  the  esophagus  by  electrolysis.  In 
a  certain  class  of  patients  with  thick  in<lur;ttiv<>  st<  is  an  efficient  method 

of  treatment  and  not  accompanied  by  certain  risks  incidental  to  internal 
esophagotomy.  There  can  be  no  doubt  that  electrolysis  produces  a  peculiarly 
beneficial  dissolving  effect  on  scar  tissue. 

Guisez  advocates  electrolysis  for  the  cure  of  cicatricial  stenosis  of  the 
esophagus  as  the  method  of  choice.  His  experience  in  the  treatment  of  esopha- 
geal  lesions  has  been  very  large  and  for  this  reason  alone  the  procedure  which 
he  advises  as  the  method  of  choice  deserves  serious  attention.  He  reports  34 
cases  treated  in  this  manner.  Of  these,  28  were  cured.  Upon  9  of  the  patients 
a  gastrostomy  had  been  performed.  The  majority  of  the  patients  suffered  from 
an  absolute  dysphagia.  Five  of  them  were  infants.  Of  the  7  who  were  not 
cured,  1  was  improved;  and  in  1  case  it  was  impossible  to  overcome  the  ob- 
struction. Four  of  the  patients  died,  but  in  only  2  could  that  outcome  be  con- 
sidered a  consequence  of  the  treatment. 

The  technic  of  the  electrolytic  treatment  of  benign  stenosis  of  the  esoph- 
agus is  as  follows :  The  esophagoscope  is  introduced  to  the  site  of  the  stricture 
and  the  orifice  of  the  canal  leading  through  the  stricture  is  sought  for.  When 
this  has  been  identified,  an  attempt  should  be  made  to  pass  a  small  olive  through 
the  stricture.  In  many  cases  this  attempt  easily  succeeds  and  it  is  even  pos- 
sible to  dilate  the  stricture  by  passing  several  larger  bougies  through  it.  In 
other  cases  only  a  small  filiform  bougie  will  pass  and  it  may  even  be  difficult 
to  locate  the  lumen.  Frequently  attempts  to  dilate  the  stricture  will  fail,  or  if 
such  attempts  are  persisted  in  they  will  only  serve  to  stretch  the  esophagus  at 
the  site  of  the  stenosed  portion.  Some  initial  dilatation  up  to  at  least  6  or  8  F. 
is  usually  possible.  After  this  has  been  accomplished,  an  electrolytic  olive 
should  be  selected,  of  a  little  larger  size  than  will  just  slip  through  the  stricture. 
The  electrolytic  olive  is  of  pure  nickel  or  copper.  It  is  attached  to  the  negative 
pole  and  passed  to  the  stricture  until  it  engages  the  lumen.  A  current  of  10  to 
12  milliamperes  is  turned  on  and  by  gentle  pressure  the  bougie  is  passed 
through  the  stricture.  Four  to  six  minutes  should  be  occupied  by  this  process. 
After  the  olive  has  been  passed,  the  stricture  will  easily  yield  to  bougies  six  or 
seven  sizes  larger.  Guisez  is  firmly  convinced  that  electrolytic  dilatation  in 
this  manner  leads  to  absorption  of  scar  tissue  and  to  far  more  permanent  results. 

STENOSIS  BEQUIKING  GASTROSTOMY. — The  third  class  of  patients  com- 
prises those  in  whom  gastrostomy  is  necessary.  Guisez  estimated  that  at  least 
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95  per  cent,  of  esophageal  stenoses  are  curable  without  gastrostomy.  In  a  small 
proportion  of  patients  with  cicatricial  stenosis  it  is  impossible  to  pass  the 
smallest  filiform  through  the  stricture,  even  with  the  aid  of  the  esophagoscope. 
In  this  emergency  gastrostomy  is  demanded.  Its  performance  diminishes  the 
muscular  spasm  about  the  stenosis  and  the  inflammatory  swelling  above  it.  The 
improvement  is  frequently  so  great  that  it  may  be  possible  to  pass  the  filiform 
from  above  after  the  gastrostomy  has  been  performed.  If,  however,  this  cannot 
be  done,  it  is  often  possible  to  pass  it  from  below  upward.  Once  a  filiform  has 
been  passed,  a  beginning  dilatation  may  be  secured  by  passing  other  bougies 
upon  it  or  upon  a  thread  pulled  up  by  the  filiform  bougie.  Complete  dilatation 
may  then  be  obtained  by  either  internal  esophagotomy  or  by  electrolysis. 

Conclusions. — The  consideration  of  the  treatment  of  benign  stenosis  of  the  esoph- 
agus should  not  be  concluded  without  emphasizing  the  necessity  for  the  exercise  of 
the  greatest  care  when  passing  bougies  through  a  cicatricial  stenosis.  Perforation  of 
the  esophagus  has  been  observed  by  me  on  two  occasions  when  I  knew  that  the  greatest 
care  had  been  employed.  These  instances  have  been  so  impressive  that  I  feel  obliged 
to  express  the  belief  that  the  above  statistics  do  not  convey  a  true  idea  of  the  mortality 
resulting  from  attempts  to  stretch  a  benign  stenosis.  It  is  a  wise  precaution  to  start 
the  dilatation  upon  a  previously  swallowed  thread  as  a  guide.  If  a  patient  cannot  at 
first  swallow  a  string,  he  may  be  able  to  do  so  after  a  gastrostomy  or  through  the  gas- 
trostomy opening  a  retrograde  passing  of  a  filiform  bougie  may  succeed.  In  the  event 
of  the  failure  of  these  procedures  the  future  may  demonstrate  the  wisdom  of  attempt- 
ing the  treatment  of  the  worst  forms  of  cicatricial  stenosis  by  exposing  the  site  of  the 
stenosis  through  a  thoracotomy  wound  before  proceeding  with  the  dilatation. 

CONGENITAL    STENOSIS 

Congenital  stenosis  of  the  esophagus  is  another  form  of  benign  stenosis  of 
considerable  interest  but  of  very  rare  occurrence.  According  to  Zeit,  its  exist- 
ence depends  upon  abnormal  development  of  the  lateral  ridges  which,  growing 
inward,  separate  in  fetal  life  the  esophagus  from  the  trachea. 

The  following  classification  is  given  by  Griffhorn: 

1.  Complete  lack  of  esophagus. 

2.  Complete  or  partial  closure  of  esophagus  at  a  variable  distance  from  teeth. 

3.  Dilatation  or  double  esophagus. 

4.  Abnormal  position  of  esophagus,  situs  inversus. 

5.  Simple  communication  with  the  trachea. 

6.  Communication  of  trachea  with  an  esophagus  ending  blindly  below  level  of 
communication. 

The  last-named  is  the  most  common  variety.  I  have,  however,  seen  one  of 
class  No.  2.  There  was  not,  in  this  case,  a  complete  closure  of  the  esophagus. 
A  pin-point  opening  was  discovered  in  the  lower  third,  which  barely  admitted  a 
filiform  bougie.  (See  Figure  11.)  Safe  dilatation  was  impossible.  Operative 
treatment — at  least  an  exploratory  thoracotomy — was  indicated,  but  consent 
for  such  a  procedure  was  not  obtained. 
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BENIGN   TUMORS 

Benign  tumors  of  the  esophagus  are  so  rare  that  they  will  always  be  classi- 
fied as  medical  curiosities.     Mackenzie   reported   a  p«»lyp   in    lxvl    (M( 
Times  and  Gazette,  1881,  ii,  60).     Their  .lin-imsis  with   the  esophagoscope 
is  a  simple  matter  if  their  presence  is  suspected  early  enough  for  the  region 
of  the  esophagus  beyond  them  to  he  inspected.     I'snally,  however,  they  do  not 


Fia.  11. — RADIOGRAPH  FROM  A  CHILD  OF  8  YEARS  WITH  A  CONGENITAL  STRICTURE  OF  THE  ESOPHAGUS. 

cause  symptoms  unless  they  obstruct  the  lumen.  In  this  case  it  may  be  impos- 
sible to  differentiate  benign  tumors  of  the  esophagus  from  malignant  new 
growths,  except  by  the  removal  of  a  small  piece  of  the  tumor  for  microscopical 
examination.  The  most  valuable  diagnostic  feature  of  benign  tumors,  which 
generally  belong  to  the  class  of  myomata,  is  their  pedunculated  character.  If 
this  is  clearly  demonstrable,  the  true  nature  of  the  growth  may  be  suspected 
and  the  whole  tumor  may  be  snared  off. 


MALIGNANT    NEW    GROWTHS 


"Ry  far  the  most  frequent  of  the  esophageal  diseases  is  cancer,  and  cancer  of 
the  esophagus  is  seldom  other  than  epithelioma.  Starck  has  collected  7  ex- 
amples of  sarcoma  from  the  literature  and  described  2  himself.  Von  Eichen 
added  4  others,  1  of  which  he  examined  with  the  esophagoscope.  Although  it 
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presented  the  appearance  of  a  phlegmonous  inflammation,  its  true  character 
was  proved  by  the  microscopical  examination.  Von  Hacker  reports  2  cases  of 
sarcoma  of  the  esophagus ;  of  1  of  these  he  made  a  diagnosis  by  a  biopsy.  He 
also  collected  21  cases  from  the  literature.  In  17  of  these  the  growth  was  in 
the  thoracic  portion.  The  tumor  was  hard  in  some  instances,  in  others  it  was 
soft.  In  one  of  his  own  cases  the  sarcoma  started  as  a  pedunculated  tumor, 
which  spread  rapidly,  presenting,  as  it  increased  in  size,  a  nodular  ulcerated 
surface. 

The  occurrence  of  cancer  within  the  esophagus  forms  in  itself  a  sufficient 
reason  for  esophagoscopy.  Cancer  of  the  esophagus  can  be  recognized  in  its 
earliest  stages  only  by  esophagoscopy.  Every  esophagoscopist  sees  patients 
with  cancer  of  the  esophagus  who  have  been  allowed  to  go  without  a  diagnosis 
until  3  months  to  a  year  from  the  date  of  their  first  symptom — in  other  words, 
just  as  long  as  they  would  tolerate  the  condition. 

Of  25  cases  of  epithelioma  of  the  esophagus  recently  examined  by  me,  only 
2  were  referred  for  examination  within  3  months  from  the  time  of  their  first 
symptoms.  A  number  of  the  patients  were  not  examined  until  a  year  from  the 
date  of  their  first  symptoms.  The  accompanying  illustration  (Fig.  12)  shows 
an  epithelioma  of  the  esophagus  which  was  not  discovered  until  autopsy.  The 
diagnosis  before  death  was  empyema.  The  abscess  in  the  lung  due  to  perfora- 
tion of  the  epithelioma  was  the  only  lesion  detected  before  death.  Recently 
Cabbot  has  reported  the  diagnostic  errors  among  3,000  patients  coming  to 
autopsy.  In  this  contribution  the  mistakes  in  the  diagnosis  of  cancer  of  the 
esophagus  were  more  frequent  than  those  of  any  other  disease. 

Appearance  Through  the  Esophagoscope. — Every  patient  complaining  of 
esophageal  symptoms  (particularly  of  a  little  difficulty  in  swallowing)  should 
be  advised  to  have  an  esophagoscopic  examination.  In  cases  of  esophageal 
cancer,  a  diagnosis  is  easily  possible  upon  the  appearance  alone.  The  appear- 
ance that  I  consider  most  characteristic  is  the  presence  of  one  or  more  polypoid, 
though  not  truly  pedunculated,  masses,  varying  from  the  size  of  a  small  pea  to  a 
walnut,  within  the  neighborhood  of  the  tumor.  These  masses  are  usually  deep 
red  in  color  and  bleed  upon  slight  provocation.  Often  they  are  small,  and  form, 
so  to  speak,  outposts  of  the  main  body  of  the  tumor.  Aboral  to  them  is  the  real 
stenosis,  and  any  attempt  to  enter  the  same  is  accompanied  by  considerable 
hemorrhage.  Again  the  masses  are  merely  the  borders  of  a  cauliflower  ulcer, 
one  edge  of  which  alone  is  visible.  The  surface  of  these  masses,  and  often  the 
mucous  membrane  at  their  base,  is  ulcerated  and  covered  with  flakes  of  exudate, 
necrotic  tissue,  and  desquamated  cells.  ~Not  all  cancers  present  this  appearance. 
At  times  the  esophagoscope  cannot  penetrate  to  the  real  ulcer ;  but  the  indura- 
tion extends  upward,  beneath  an  apparently  healthy  mucous  membrane,  pro- 
ducing a  stenosis  above  the  ulcerated  area.  Though  histologically  the  epithe- 
lium in  this  class  of  cases  is  normal,  indication  of  the  infiltration  beneath  it  can 
be  detected  through  the  esophagoscope.  It  is  paler  than  the  normal  mucosa  of 
the  esophagus  and  often  is  not  entirely  smooth.  Its  surface  may  be  covered 
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with  small  pale  elevations  between  which  the  nicmltranc  is  darker.  This  sur- 
face is  unyielding  and  bleeds  easily  as  the  end  of  the  esophagoscope  or  a  sound 
is  pressed  upon  it.  (See  Fig.  13.) 


FIG.  12. — AUTOPSY  SPECIMEN  OF  CANCER  OF  THE  ESOPHAGUS  NOT  DIAGNOSED  DURING  LIFE,  AND 
SECTION  THROUGH  A  PULMONARY  ABSCESS  CAVITY  SECONDARY  TO  IT. 

Induration  is  a  feature  of  all  cancers  of  the  esophagus.     The  walls  in  the 
immediate  neighborhood  of  a  cancer  are  immovable.     The  normal  respiratory 
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FIG.  13. — CANCER   OF   CERVICAL   PORTION   OF 
ESOPHAGUS. 


excursions  of  the  esophageal  walls  are  entirely  absent,  and  the  impulse  from 

the  aorta  is  usually  missed.     The  summits  of  all  the  small  elevations  in  the 

carcinomatous  area  are  pale  and  contrast  strongly  with  the  bleeding  or  inflamed 

base  around  them  and  with  the  usually  congested  mucous  membrane  in  the 

neighborhood.  The  tumors,  during  the 
various  stages  in  which  they  are  pre- 
sented for  examination,  vary  much  in 
size  and  extent  and  in  their  manner  of 
spreading.  Almost  all  possibilities  are 
present.  They  may  form  ring-like  con- 
strictions with  much  stenosis,  although 
of  very  small  size  themselves,  or  they 
may  show  a  marked  tendency  to  spread 
over  a  long  distance  of  the  esophagus, 
deeply  infiltrating  its  Avails.  Here  and 
there  the  tumor  growth  breaks  through, 
giving  rise  to  small  elevations  or  papil- 
lomatous  projections.  Another  class  in- 
filtrates deeply  without  much  superfi- 
cial spreading.  Usually  a  tumor  gives 

symptoms  before  the  wall  of  the  esophagus  is  penetrated,  and  the  tumor  becomes 

adherent  to  the  surrounding  structures. 

Starck  has  described  various  types  of  appearances  which,  in  general,  cor- 
respond fairly  well  with  those  described  above. 
INFILTRATING  EPITHELIOMA. — In 

this  form  the  wall  is  densely  infiltrated, 

rigid,  and  immovable.     It  may  not  be 

possible  to  get  down  to  the  growth  itself 

with  the  esophagoscope.      The  mucous 

membrane  over  the  growth  is  usually 

pale,  anemic,  and  may  even  be  smooth. 

There  is  absolute  loss  of  all  movement 

jf  the  esophagus  during  respiration  and 

to    the    impact    of    instruments    passed 

through    the    esophagoscope.      Fig.    13 

illustrates  the  condition  often  found. 
ULCERATED      C  A  N  C  E  R. — M  any 

growths  are  characterized  by  a  strong 

tendency  to  bleed  and  by  much  simple 

ulceration  of  the  infiltrated  mucous  membrane  surrounding  the  tumor.     The 

ulcer  is  almost  always   associated   with  more   or   less   necrotic,   foul-smelling 

slough.     (See  Fig.  14.) 

POLYPOID   TYPE. — A  third  type  might  be  termed  the  polypoid  type.     It  is 

the  "wandstandige"  tumor  of  Starck.     In  this  type  there  is  a  progressive  in- 


FIG.  14. — CANCER  OF  LOWER  THIRD  OF 
ESOPHAGUS. 
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volvement  of  the  walls  of  the  esophagus,  with  tin-  superficial  -preading  charac- 
teri/ed  by  polypoid  tumors  of  varying  sizes  which  represent  the  outcropping  of 
the  extensions  of  the  tumor.  The  individual  tumors  may  he  smooth  as  a  grape 
upon  their  surface,  or  as  uneven  as  a  raspberry.  They  often  apj>ear  peduncu- 
lated,  hut  really  are  not  so.  A  closer  examination  of  their  bases  shows  them  to 
be  connected  by  broad  attachments  with  other  masses  below  them.  These 
tumors  may  occupy  only  one  portion  of  the  cin-iimi'erencc  of  the  esophagus. 
The  lumen  of  the  latter  is  pushed  to 
one  side  and  appears  as  a  crack  or 
crescentic  slit.  This  is  especially  the 
case  in  the  youngest  growths.  Fiir.  !•"» 
well  illustrates  the  appearances  often 
present. 

RING-LIKE  STENOSIS.— The  last 
form  is  the  ring-like  stenosis.  In  this 
form  the  tumor  seems  to  be  of  slow 
growth  and  involves  only  a  short  length, 
2  to  3  cm.,  of  the  esophagus.  It  is  cir- 
cularly disposed  and  soon  produces  a 
stenosis.  This  type  resembles  in  some 
respects  the  benign  stenoses.  It  is  usu- 
ally possible  to  make  out  the  ulcera- 
tion  or  a  peculiar  uneven  nodular  char- 
acter to  the  surface  which  suggests 

cancer.     Tissue  removed  from  the  surface  shows  cancer  upon  microscopical 
examination. 

Starck,  von  Mikulicz,  and  others  have  commented  upon  the  difficulty  of 
diagnosing  cancer  of  the  cervical  portion  of  the  esophagus.  I  have  not  experi- 
enced this  difficulty,  although  I  have  had  opportunity  to  examine  a  considerable 
number  of  cases.  I  believe  that  the  explanation  lies  in  the  use  of  the  obturator 
while  introducing  the  esophagoscope.  Von  Mikulicz  on  one  occasion  perforated 
an  esophagus  in  the  attempt  to  introduce  an  esophagoscope  with  the  aid  of  an 
obturator.  An  experience  of  this  character  demonstrates  the  wisdom  of  inspect- 
ing every  portion  of  the  esophagus  traversed  by  the  esophagoscope. 

SECOND AEY  GROWTHS. — It  must  not  be  forgotten  that  many  new  growths 
of  the  lower  extremity  of  the  esophagus  are  really  gastric  tumors  which  have 
involved  the  esophagus  secondarily.  The  microscopical  examination  of  these 
tumors  will  show  carcinoma  and  not  epithelioma.  In  such  instances  we  are 
dealing  with  a  much  more  extensive  growth  than  might  be  expected  from 
similar  appearances  presented  by  tumors  which  are  primary  within  the 
esophagus.  In  general,  these  tumors  present  the  same  characteristics,  when 
viewed  through  the  esophagoscope,  as  the  primary  esophageal  epitheliomata. 

Treatment, — The  treatment  of  esophageal  cancers  through  the  esophagoscope 
offers  little  for  discussion,  aside  from  the  possibilities  of  affecting  them  favor- 


Fio.  15. — CANCER  IN  LOWER  THIRD  OP 
ESOPHAGUS. 
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ably  with  radium.  Unquestionably,  dilating  the  strictured  area  through  the 
esophagoscope  will  diminish  the  dysphagia  and  add  materially  to  the  patient's 
comfort  for  many  weeks.  I  have  been  surprised  to  find  that  many  patients 
have  been  greatly  relieved  in  this  particular  by  the  esophagoscopic  examination 
alone,  although  no  particular  pains  were  taken  to  dilate  the  stricture.  The  pass- 
ing of  an  esophagoscope  merely  down  to  a  malignant  stricture  will  often  give 
relief  from  dysphagia  for  weeks.  It  is  of  the  utmost  importance  to  avoid  for- 
cible efforts  in  dilating  malignant  strictures.  Gentle  efforts  are  all  that  are 
required  to  afford  the  majority  of  patients  relief  and  there  is  serious  danger  of 
splitting  the  esophagus  in  the  use  of  greater  force. 

Permanent  intubation  has  not  offered  any  advantages.  The  intubation  tube 
easily  becomes  displaced  or  occluded. 

EADIUM  TKEATMENT. — The  treatment  of  inoperable  cancer  by  radium 
offers  some  promise  for  the  future.  At  the  present  time  the  responsibility  of 
its  use  in  case  of  operable  growths  should  be  shared  by  the  patient.  Even 
though  operations  for  cancer  of  the  esophagus  are  accompanied  with  such  grave 
risks,  no  form  of  operable  cancer  should  be  treated  by  radium  in  preference 
to  resection  unless  it  is  understood  by  the  patient  that  success  by  such  treatment 
is  problematical. 

Although  no  guarantee  of  success  can  accompany  the  use  of  radium,  much 
encouragement  comes  from  the  reports  of  such  experiences  as  those  of  Hill  and 
Guisez,  which  cannot  be  ignored  as  unimportant.  Esophageal  cancers  almost 
always  give  symptoms  before  metastases  have  occurred.  My  experiences  have 
convinced  me  that  radium  will  cure  early  malignant  new  growths.  If  the 
radium  is  to  accomplish  any  good,  however,  it  is  necessary  to  apply  it  in  suf- 
ficient dosage  and  properly  filtered.  The  patient  which  Hill  has  reported  was 
treated  with  50  mg.  of  pure  radium  bromid  for  13  hours,  and,  2  months  later, 
for  21  hours.  Following  this  treatment,  there  was  a  progressive  improvement 
until  swallowing  became  normal.  A  subsequent  esophagoscopic  examination 
demonstrated  an  entire  absence  of  any  lesion  of  the  esophagus.  The  diagnosis 
in  this  case  had  been  established,  before  the  treatment  had  been  undertaken, 
by  an  esophagoscopic  examination  and  microscopical  section  of  a  bit  of 
tissue  removed  at  this  time.  The  growth  was  situated  28  cm.  from  the  teeth. 
There  had  been  increasing  dysphagia  and  odynophagia  for  the  preceding  6 
months. 

Guisez  reports  26  cases  of  cancer  of  the  esophagus  treated  by  radium  during 
the  past  4  years.  He  believes  that  the  slowly  growing,  less  ulcerated  forms  are 
very  susceptible  to  this  method.  He  publishes  the  details  of  3  patients  in  whom 
the  improvement  was  very  remarkable.  He  uses  5  eg.  of  radium  inclosed  in  a 
silver  capsule  and  applies  this  interruptedly  for  a  total  radiation  period  of  30 
hours,  divided  into  periods  varying  from  a  quarter  of  an  hour  to  several  hours' 
duration.  In  appropriate  cases  there  has  been  a  rapid  restoration  of  the  lumen 
of  the  esophagus. 

Lauper  reports  an  apparent  cure  of  a  patient  in  whom  the  diagnosis  was 
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confirmed  by  microscopical  diagnosis.     He  applied  only  :>  ing.  of  a  preparation 
of  500,000  activity  for  from  8  to  45  minutes  3  times  weekly. 

In  my  experience,  the  most  important  factor  in  success  is  the  knowledge  of 
what  constitutes  the  correct  therapeutic  dose  of  the  preparation  used. 

DIVERTICULA 

The  esophagoscope  has  not  the  same  field  of  usefulness  in  the  diagnosis  of 
diverticula  as  in  the  diagnosis  of  other  intra-esophageal  lesions.  While  there  is 
no  lesion  of  the  esophagus  whose  nature  it  is  more  important  to  appreciate  cor- 
rectly than  diverticula,  yet  other  methods  of  diagnosis  are  more  convenient  than 
esophagoscopy.  Particularly  is  this  true  of  sounding  by  the  Plummer  method 
and  of  the  X-ray  diagnosis.  The  shadows  of  diverticula  usually  come  out  with 
great  clearness. 

Two  kinds  of  diverticula  present  themselves  for  consideration :  the  pulsation 
diverticula  and  the  traction  diverticula. 

Pulsation  Diverticula. — The  pulsation  diverticula  almost  invariably  open 
into  the  esophagus  at  the  junction  of  the  pharynx  and  esophagus.  The  esophago- 
scope usually  will  enter  the  diverticulum.  Beneath  the  opening  into  the  latter 
is  a  valve-like  protrusion,  generally  opposite  the  cricoid  cartilage,  which  facili- 
tates the  entrance  of  the  esophagoscope  into  the  diverticulum.  The  opening 
into  the  diverticulum  is,  as  a  rule,  wide,  but  sometimes  it  is  contracted  and 
presents  an  appearance  somewhat  like  the  anus;  at  other  times  it  is  cleft-like. 
The  esophagoscope  passes  through  this  opening  and  comes  to  the  bottom  of  the 
sac.  It  here  meets  an  impassable  obstruction  which  gives  no  indication  of  the 
further  extension  of  the  esophagus.  Often  the  mucous  membrane  at  the  bottom 
of  a  diverticulum  is  much  eroded  and  inflamed.  It  is  not  unusual  to  see  folds 
of  the  mucous  membrane  within  the  sac.  The  normal  respiratory  movements 
of  the  esophageal  wall  are  absent. 

If,  now,  the  esophagoscope  is  withdrawn  and  its  distal  end  directed  well 
forward,  the  lips  dividing  the  diverticulum  from  the  esophagus  proper  will 
suddenly  slip  across  the  opening  of  the  instrument.  It  may  be  impossible  to 
pass  the  esophagoscope  in  front  of  the  lip  and  down  the  true  esophagus.  In 
about  half  of  the  cases  this  forward  insertion  cannot  be  accomplished,  since  the 
entrance  to  the  esophagus  may  be  concealed.  In  other  cases  it  is  possible  to 
see  the  partition  between  the  esophagus  and  the  diverticulum,  though  it  is  not 
possible  to  pass  the  esophagoscope  in  front  of  it.  Very  often  the  opening  into 
the  esophagus  is  revealed  by  the  bubbling  up  of  aspirated  air  and  the  vomiting 
or  regurgitation  of  small  amounts  of  fluid.  The  difficulty  of  entering  the 
esophagus  seems  to  be  in  proportion  to  the  size  of  the  diverticulum. 

Whatever  the  method  of  diagnosis,  the  recognition  of  diverticula  is,  in 

general,  more  difficult  during  the  early  period  of  their  development.     In  these 

cases  the  diverticulum  is  simply  a  hernial  protrusion  of  the  pharyngeal  wall. 

Usually  the  septum  between  the  diverticulum  and  the  esophagus  is  pronounced 

30  B 
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and  in  early  cases  can  easily  be  seen  by  the  aid  of  the  esophagoscope,  though 
occasionally  there  is  difficulty  in  distinguishing  it  from  a  simple  fold  of  mucous 
membrane.  If  the  esophagoscope  can  be  introduced  into  a  pocket,  the  distal 
wall  of  which  fails  to  fall  away  continuously  from  the  instrument  and  also 
fails  to  show  a  dimple-like  lumen,  we  are  dealing  with  a  diverticulum.  The 
color  of  the  mucous  membrane  of  the  sac  is,  also,  much  darker  or  more  bluish 
red  than  that  of  the  normal  pharyngeal  walls. 

Attempts  to  treat  diverticula  through  the  esophagus  by  stretching  the  upper 
border  of  the  threshold  of  the  diverticulum  downward  are  not  recommended. 
Though  this  plan  of  treatment  may  be  accomplished  readily  in  early  lesions, 
there  are  few  patients  for  whom  surgical  treatment  is  not  more  appropriate. 

Traction  Diverticula. — Diverticula  originating  below  the  entrance  to  the 
esophagus  (thoracic  esophageal  traction  diverticula)  are  much  rarer  than  the 
pharyngo-esophageal,  the  typical  Zenker's,  diverticula.  The  former  spring  from 
any  portion  of  the  circumference  of  the  esophagus,  though  they  more  fre- 
quently grow  from  the  anterior  wall.  Diverticula  of  this  variety,  examined  by 
the  esophagoscope,  have  been  described  by  Kelling,  Landauer,  and  Rosenheim. 
These  diverticula  probably  start  as  traction  diverticula. 

The  vast  majority  of  the  thoracic  traction  diverticula  are  of  small  size  and 
cause  no  symptoms ;  they  are  found  only  accidentally  or  at  autopsy.  Occasion- 
ally, however,  they  are  of  large  size.  One  has  been  described  by  Kelling  as 
reaching  to  the  cardia  and  possessing  a  capacity  of  300  c.  c.,  and  that  described 
by  Landauer  possessed  a  depth  of  40  cm.  from  the  teeth.  That  of  Rosenheim 
was  3  cm.  deep  from  its  slit-like  opening,  which  was  37  cm.  from  the  teeth. 
It  produced  dysphagia.  In  this  variety  of  diverticulum  an  attempt  may  be 
made  to  treat  the  condition  through  the  esophagoscope  by  breaking  down  the 
partition  wall  between  the  esophagus  and  the  diverticulum.  A  clamp  made 
in  such  a  manner  that  it  could  be  put  upon  the  wall  and  left  in  situ  until  it  had 
caused  necrosis  could  be  tried  in  these  cases. 

DILATATIONS  OF  THE  ESOPHAGUS 

Dilatation  of  the  esophagus  is  caused  by  a  variety  of  lesions  which  are  usu- 
ally the  result  of  obstruction.  They  complicate  cancer  and  benign  stenosis. 
The  most  interesting  form  of  diffuse  dilatation  of  the  esophagus  is  one  which 
may  be  accompanied  with  no  demonstrable  anatomical  lesion  and  which  is  gen- 
erally attributed  to  spasmodic  contraction  of  the  esophagus.  Stenosis  of  the 
esophagus  of  a  spastic  character  may  occur  either  at  the  entrance  of  the  esoph- 
agus or  at  the  level  of  the  aortic  and  bronchial  constriction  of  the  esophagus 
or  at  its  lower  extremity.  A  number  of  cases  have  been  described  as  located  at 
the  cervical  constriction  of  the  esophagus,  and  they  are  not  so  rare  as  might  be 
expected.  I  have  seen  at  least  2  cases,  the  appearance  of  1  of  which  is  illus- 
trated in  Figure  16.  It  shows  merely  a  convergence  of  the  esophageal  folds  to 
one  central  dimple.  The  condition  and  its  esophagoscopic  appearances  differ  in 


DIAGNOSIS  AND  TREATMENT  OF  ESOPHAGEAL  LESIONS    451 


FIG.   16. — SPASMODIC  STRICTURE  AT  ENTRANCE   or 
ESOPHAGUS. 


no  manner  from  the  appearance  of  the  normally  closed  esophagus.  After  the 
application  of  cocain,  the  obstruction  yields  readily  to  pressure  of  the  esophago- 
scope — so  readily,  indeed,  that, 
were  it  not  for  the  symptoma- 
tology of  the  case,  doubt  mi^ht 
exist  as  to  the  true  nature  of 
the  patient's  complaint.  As  in 
benign  stenosis,  no  scars  are 
present  in  the  mucous  mem- 
brane of  the  esophagus. 

Cardiospasm. — The  cardia  is 
by  far  the  most  frequent  loca- 
tion for  spasm  of  the  esophagi.-. 
Occurring  in  this  location,  the 
condition  has  received  the  name 
of  cardiospasm.  It  is  accom- 
panied by  a  typical  symptoma- 
tology and  by  a  diffuse  dilata- 
tion of  the  whole  organ. 

APPEARANCE  THROUGH  THE 
ESOPHAGOSCOPE.  -  -  Examined 

by  the  esophagoscope,  the  increase  in  the  size  of  the  lumen  becomes  readily  ap- 
parent. Instead  of  coming  together  with  respiration  concentrically  in  front 
of  the  esophagoscope,  its  walls  flap  loosely  together  at  each  expiration,  almost 

like  the  two  sails  of  a  vessel.  (See  Fig. 
17.)  Often  some  difficulty  is  encoun- 
tered in  obtaining  a  good  view  of  the 
esophageal  walls.  At  one  moment  they 
are  widely  separated  from  the  end  of 
the  esophagoscope,  and  the  next  minute 
one  wall  or  the  other  closes  over  the  end 
of  the  tube.  When  separated,  the  end 
of  the  esophagoscope  appears  to  be  in 
the  center  of  a  dark  hollow  cavity. 
Often  there  is  evidence  of  inflammation 
of  the  mucous  membrane.  The  esoph- 
agoscope finds  the  bottom  of  the  esoph- 
agus with  surprising  ease ;  then  the  end 
of  the  instrument  is  buried  in  fluid  and 
the  lamp  appears  extinguished.  The 
amount  of  fluid  contents,  even  though  no  food  has  been  taken  for  some  time,  is 
surprisingly  great.  It  is,  however,  easily  sucked  out.  It  is  then  seen  that  the 
end  of  the  esophagoscope  is  within  a  fairly  large  cavity,  in  which  a  search  must 
be  made  for  the  cardiac  orifice.  When  this  is  located,  it  presents  much  the  ap- 


FIG.  17. — APPEARANCE  IN  DILATATION  OF 
ESOPHAGUS  DUE  TO  CARDIOSPASM. 
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pearance  of  the  normal  cardiac  orifice,  and  usually  yields  readily  to  pressure, 
so  that  it  often  seems  that  no  obstruction  at  all  could  be  present.  The  orifice, 
in  the  vast  majority  of  cases,  is  readily  dilated,  but  this  dilatation  does  not 
always  effect  a  cure,  because  the  esophagus  above  has  been  dilated  so  that  it 
forms  a  sac,  the  floor  of  which  is  on  a  lower  level  than  the  opening  into  the 


FIG.  18. — INSTRUMENT  FOR  DILATING  A  STENOSIS  OF  THE  ESOPHAGUS  DUE  TO  CARDIOSPASM. 


stomach;  consequently,  when  the  sac  becomes  distended  with  fluid,  the  wall  of 
the  sac  intervening  between  the  sac  and  the  cardiac  orifice  closes  the  latter, 
acting  like  a  valve — thus  little  or  no  fluid  can  be  forced  through.  Dysphagia 
is  one  of  the  most  important  and  constant  symptoms  of  cardiospasm. 

These  cases  bear  a  great  similarity  to  malignant  diseases,  though  they  differ 
in  that  they  usually  run  a  much  slower  course.  The  esophagoscopic  examina- 
tion is  of  the  greatest  importance  in  arriving  at  a  diagnosis.  But  for  its  aid,  one 
could  not  in  many  instances  differentiate  cardiospasm  from  cancer.  Further- 
more, through  the  esophagoscope,  very  successful  treatment  may  be  carried  out. 
TKEATMENT  BY  DILATATION. — Many  patients  may  be  cured  by  simple 
dilatation.  For  this  purpose  the  instrument  designed  by  Lerche  offers  a  simple 
but  effective  method.  I  have  had  it  modified  and  made  in  2  sizes,  both  larger 
than  the  original  (Fig.  18).  Of  these  sizes,  one  will  stretch  the  cardia,  so  that 
it  measures  8  cm.  in  circumference ;  and  the  other,  12  cm.  in  circumference. 
With  this  instrument  it  is  possible  to  stretch  the  cardia  under  sight  of  the  eye. 
In  my  experience,  one  such  stretching  has  often  accomplished  a  cure.  One 
patient  who  had  been  unsuccessfully  treated  by  repeated  attempts  at  hydrostatic 
dilatation  obtained  a  satisfactory  result  after  dilatation  with  this  instrument. 
It  has  now  been  definitely  established  by  the  experience  of  many  observers 
that  forcible  dilatation  of  the  cardia  will  accomplish  a  cure  of  cardiospasm. 


DIAGNOSIS  AND  TREATMENT  or  ESOPHAGEAL  LESIONS 

The  largest  series  of  G  •  rcpm-tcd  by  I'lummcr.  His  method  is  sis  1'ollows: 
A  gum  elastic  catheter,  around  which  is  tied  a  rubber  bai:  ro\-j-red  with  silk, 
is  passed  through  the  curdia.  (The  silk  hag  HUM -tin  s  1«>  <-m.  long,  by  20  to  In 
mm.  in  diameter.)  The  rubber  bag  is  now  dilated  by  allowing  water  to  run  into 
it  at  a  pressure  not  exceed  in  ii  "»<)<>  nun.  of  11^.  A  water  column  ."»  t«»  «'»  feet  high 
is  sufficient.  In  one  of  Plummer's  cases  the  esophagi.-  was  ruptured  hy  a  pres- 
sure of  720  mm.  of  Ilg.  Many  cases  are  permanently  cured  by  a  pressure  of 
only  50  to  100  mm.  of  Ilg.  The  majority  of  the  patients  whom  1  Mummer  has 
treated  have  been  permanently  relieved  by  1  treatment,  although  some  of  his 
patients  needed  5  treatments  and  two  needed  7  and  11  respectively.  The  in- 
tervals between  the  treatments  have  usually  been  from  3  to  1  days.  The  patient 
is  discharged  cured  if  the  esophagus  remains  free  of  fund  remnants  at  the  end 
of  10  days.  In  2J)  of  Hummer's  first  series  of  30  patients  there  have  been  no 
recurrences,  and  the  immediate  results  have  been  striking,  the  patients  begin- 
ning to  eat  with  perfect  comfort.  In  1912  Plummer  reported  a  series  of  91 
cases ;  of  these,  73  were  permanently  cured  of  dysphagia ;  1 1  were  incompletely 
cured.  Five  patients  died,  2  from  pneumonia,  1  from  tuberculosis,  1  from  an 
unknown  cause,  and  1  from  rupture  of  the  esophagus.  Of  the  cured  patients,  3 
have  been  well  from  6  to  7  years ;  12  from  5  to  6  years ;  9  from  4  to  5  years ;  13 
from  2  to  3  years;  12  for  1  year;  10  for  less  than  1  year. 

Of  very  great  assistance  in  passing  the  dilator  is  the  dilatation  of  the  sphinc- 
ter by  bougies  until  it  can  be  made  to  take  the  Plummer  instrument.  Xothing, 
however,  could  be  more  dangerous  than  to  pass  these  bougies  blindly.  They 
should  always  be  passed  upon  a  thread  which  has  been  swallowed  previously. 
The  technic  is  as  follows:  Three  yards  of  No.  6  strong  silk,  6  yards  long,  is 
swallowed  one  day,  and  the  remaining  3  yards  the  next  morning.  Enough  of 
this  thread  passes  into  the  intestines  to  make  it  possible  to  draw  taut  the  portion 
passing  through  the  esophagus.  Upon  this  are  passed  the  drilled  olives,  screwed 
to  a  flexible  metal  staff.  By  beginning  with  small  sizes,  and  then  passing  in- 
creasingly larger  sizes,  a  considerable  degree  of  dilatation  may  be  accomplished. 
This  initial  dilatation  can  be  carried  further  with  either  the  special  stretcher 
mentioned  or  with  Plummer's  dilating  rubber  bag. 

\7on  Mikulicz  was  the  first  to  permanently  cure  a  patient  with  an  intractable 
cardiospasm  by  dilatation  of  the  cardiac  sphincter.  This  was  accomplished  by 
the  fingers  through  a  gastrostomy  opening,  as  has  been  already  mentioned.  The 
accumulated  experience  of  various  surgeons  since  that  time  has  furnished 
abundant  evidence  that  forcible  dilatation  by  instruments  passed  through  the 
mouth  will  accomplish  a  cure.  Thus,  Guisez  has  cured  all  of  12  patients  by 
dilatation  with  the  Gottstein  balloon  dilator.  This  dilator  is  very  similar  to 
Plummer's,  consisting  of  a  silk  bag  inclosed  between  2  rubber  bags,  the  external 
rubber  bag  being  merely  a  cover. 

Jiingerich  reports  good  results  in  4  to  6  cases. 

Heyrovsky  reports  1  case  by  the  von  Mikulicz  method  of  "sounding  without  end," 
followed  by  dilatation  with  a  Gottstein  balloon. 
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Best  reports  success  by  stretching  upon  the  Gottstein  balloon. 

Starck  states  that  success  is  assured  by  a  dilatation  of  the  cardia  twice  a  week. 

Meyer  has  reported  10  cases,  of  which  4  of  the  6  who  submitted  to  treatment  ob- 
tained a  very  satisfactory  result.  The  2  others  were  partially  relieved.  Of  the  4 
patients  who  refused  treatment,  2  died  of  inanition. 

Einhorn's  experience  in  1  patient  treated  with  dilatation  has  been  equally  suc- 
cessful. 

Huber  reports  2  patients  treated  successfully  by  passing  bougies,  combined  with 
very  careful  dietetic  treatment. 

Albu  also  reports  1  case  cured  by  systematic  dilatation. 

Adams  reports  the  occurrence  of  cardiospasm  in  a  child  of  6  months,  temporarily 
cured  by  the  passage  of  bougies. 

DIETETIC  TREATMENT. — The  dietetic  treatment  of  cardiospasm  is  by  no 
means  unimportant.  Every  precaution  should  be  taken  not  to  allow  the  esoph- 
agus to  become  overdistended  or  to  increase  the  size  of  the  sac-like  dilatation 
above  the  diaphragm.  Food  should  be  taken  in  small  quantities  and  well  masti- 
cated if  it  is  not  in  a  soft  condition.  Large  quantities  of  food  or  water  should 
not  be  taken  at  any  one  time. 

Janczurowicz  describes  3  patients  cured  by  dietetic  treatment  alone.  In 
the  same  article  there  is  a  very  complete  reference  to  the  literature  of  cardio 
spasm. 

Brailowskaja  also  emphasized  the  importance  of  careful  dietetic  treatment 
and  lavage. 

OPEEATIVE  TREATMENT. — Operative  treatment  has  occasionally  been  rec- 
ommended and  tried  for  the  most  resistant  cases  of  cardiospasm.  This  treat- 
ment has  included  thoracotomy  and  plication  of  the  esophagus. 

Meyer  and  Rumpel  have  suggested  resection  of  the  cardia. 

Jaffe  attempted  to  excise*  a  longitudinal  strip  from  the  esophagus. 

Gottstein  recommended  extramucous-cardioplasty. 

Wendel  accomplished  this  operation  with  complete  success. 

Reisinger,  after  making  a  preliminary  gastrostomy,  has  succeeded  in  plicating  the 
esophagus  through  the  posterior  mediastinum  of  the  right  side,  after  the  method  of 
approach  of  Rehn,  Nasiloff,  and  Bryant. 


INFLAMMATION   AND   ULCERATION   OF    THE   ESOPHAGUS 

Simple  Inflammation. — Acute  inflammation  of  the  esophagus  frequently  fol- 
lows the  swallowing  of  caustic  alkalies  or  acids,  etc.  It  is  sometimes  found  in 
connection  with  acute  infectious  diseases,  especially  diphtheria.  These  cases 
should  never  be  examined  with  the  esophagoscope.  Localized  areas  of  acute, 
subacute,  and  chronic  inflammation  of  the  esophagus  may  be  associated  with 
the  lodgment  within  or  passage  of  foreign  bodies  through  the  esophagus.  Cancer 
of  the  stomach  or  esophagus  may  also  be  accompanied  with  esophagitis.  Disin- 
tegration of  food  within  a  dilated  esophagus  or  within  the  sac  of  a  diverticulum 
may  cause  subacute  or  chronic  inflammation  of  the  esophagus.  Of  more  interest 
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than  these  inflammations,  however,  is  the  oo-um -nee  of  a  peptic  ulcer  or  a 
syphilitic  ulcer,  or  tuberculosis  or  actiiinmvri..«.is  of  the  e^.pha^ns.  The  possi- 
bility ol  tlm  existence  of  any  of  these  lesions  must  always  be  borne  in  mind. 

Peptic  Ulcers. —  Peptic;  ulcers  in  the  esophagus  are  rare,  although  frequent 
enough  to  warrant  careful  study.  They  present  all  the  rluni.-tcristics  of  simple 
liberations.  They  usually  occur  belmv  tin-  hiatus  of  the  esophagus  and  not 
infrequently  me  associated  with  hyperacidity  and  probably  depend  in  a  meas- 
ure upon  the  invasion  of  the  lower  end  of  the  es..|»h;i-us  by  the  acid  contents  of 
the  stomach.  They  may  also  be  associated  with  nlceration  of  the  stomach. 
Single  ulcerations  of  the  esophagus  may  also  be  caused  by  typhoid  fever.  The 
true  nature  of  these  single  ulcers  is  not  always  easy  to  determine. 

Gottstein  has  reported  2  patients  with  peptic  ulcers  of  the  esophagus,  and  Starck  1. 

Guisez  and  Abrand  report  9  patients  who  h:ul  peptic  uWrs  of  the  esophagus;  of 
these,  7  were  women  and  2  were  men.  In  1  of  the  patients,  the  esophagoscopic  appear- 
ances revealed  an  ulcer  4  to  6  mm.  by  8  to  10  mm.,  with  a  pale  areola  in  which,  how- 
ever, visible  vessels  were  present.  The  ulcer  was  not  deep;  the  base  was  granular  and 
of  only  a  slightly  darker  color  than  the  area  around.  The  symptoms  of  this  condition 
closely  resemble  those  of  gastric  ulcer. 

Miller,  Sencert,  Watson,  and  Broca,  all  report  perforations  of  the  esophagus  from 
peptic  ulceration.  Kappis  and  Cantieri  report  other  cases. 

Syphilitic  TJlceration. — Syphilitic  ulceration  in  the  esophagus  is  very  rare.  G«>tt- 
stein  has  reported  1  case,  and  Guisez,  2  cases.  Out  of  5,000  tertiary  lesions  Fournier 
has  found  only  4  in  the  esophagus.  Starck  considers  that  syphilis  of  the  esophagus  is 
exceptionally  rare.  Downie  and  Jackson,  on  the  contrary,  believe  that  it  is  much  more 
frequent  than  is  commonly  supposed.  Chevalier  Jackson  also  states  that  it  is  fre- 
quently overlooked. 

Tuberculous  Lesions. — Tuberculosis  occurs  in  the  esophagus.  As  much  as 
4/5  of  the  esophagus  has  been  known  to  be  involved  without  an  esophageal 
lesion  having  been  suspected.  It  may  be  secondary  to  tuberculosis  of  the  cervi- 
cal vertebrae  or  of  the  larynx  or  lungs.  It  is  not  infrequently  a  continuous 
extension  of  disease  primarily  involving  the  larynx.  Dr.  Jackson  has  met  with 
many  cases  where  the  dysphagia  and  odynophagia  were  attributed  entirely  to 
the  larynx.  Local  treatment  affords  these  cases  little  relief.  Gardere  has  col- 
lected 70  cases  from  the  literature.  He  classified  them  into  3  subdivisions:  (1) 
the  ulcerative  forms ;  (2)  sclerotic  hy pert r opined  forms ;  (3)  perforative  forms. 

In  the  ulcerative  form,  the  disease  usually  attacks  the  median  third  of  the 
esophagus.  There  may  be  many  small  ulcers  or  coalesced  lesions,  together  form- 
ing areas  10  to  15  cm.  long.  The  border  is  irregularly  eroded.  The  base  is 
deep,  uneven,  granular,  pale  gray,  and  usually  presents  caseating  yellowish 
points. 

In  the  sclerotic  form,  the  esophagus  becomes  transformed  into  a  rigid  in- 
durated  tube.  The  new  tissue  involves  the  mucous  and  submucous  coats,  while 
the  lesion  is  easily  confused  with  simple  stricture. 

In  the  perforator  e  form,  the  esophagus  is  usually  attacked  secondarily  from 
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an  adjacent  lymphatic  gland.  The  perforation  is  from  outward  within.  The 
esophagus  is  attacked  probably  only  3  times  in  10,000  cases  of  tuberculosis  of 
the  lungs.  Guisez  and  Abrand  report  2  cases,  in  1  of  which  the  diagnosis  wa3 
made  ante  mortem.  Moure,  Viel  and  Schrotter  each  report  1  case. 

NEUROSIS    OF    THE    ESOPHAGUS 

A  number  of  patients  must  be  classified  as  being  afflicted  with  esophageal 
neurosis.  Such  patients  complain  of  a  peculiar  subjective  symptom,  referable 
to  the  esophagus — a  vague  feeling  of  itching,  burning,  or  crawling.  Sometimes 
it  is  described  as  a  sensation  of  a  foreign  body.  An  examination  reveals  no 
anatomical  basis  for  these  symptoms.  This  examination  is  very  important  with 
these  patients,  as  not  infrequently  an  anatomical  basis  such  as  cancer  may 
cause  precisely  the  same  symptoms.  In  others,  there  may  be  an  ulcer  at  the 
lower  end  of  the  esophagus,  or  a  beginning  diverticulum,  or  actually  a  for- 
eign body  which  may  have  been  swallowed  unconsciously.  In  fact,  the  use  of 
the  esophagoscope  has  gradually  diminished  the  number  of  true  neuroses.  In 
the  absence  of  any  definite  cause,  the  treatment  must  be  the  same  as  that  for 
hysteria. 

PARALYSIS  AND  PARESIS   OF   THE   ESOPHAGUS 

The  motor  power  of  the  esophagus  may  be  deficient  or  absent  because  of 
paralysis  of  the  vagus  nerve.  This  may  be  paralyzed  as  a  result  of  central 


FIG.  19. — APPEARANCE  OF  CARDIAC  ORIFICE  IN 
A  PATIENT  WITH  BULBAR  PARALYSIS. 


FIG.  20. — APPEARANCE  AT  THE  LOWER  THIRD 
OF  ESOPHAGUS  IN  A  CASE  OF  PARESIS  OF 
ESOPHAGUS  SECONDARY  TO  BULBAR  PARAL- 
YSIS. 


bulbar  lesions,  or  from  peripheral  neuritis,  as  after  alcoholic  or  lead  paralysis. 
A  dysphagia  is  complained  of,  which  will  lead  the  surgeon  to  expect  to  find 
some  obstructive  lesion,  whereas,  upon  examination,  quite  the  reverse  condition 
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will  be  revealed,  the  esophagoscope  readily  entering  the  •  —  .pha^iis  and 
passing  its  entire  length.     The  treatment  of  this  condition  is  constitutional. 
Figures  19  and  20  represent  the  esophagus  of  a  patient  with  hulhar  paralysis. 

FOEEIGN   BODIES    IN    THE    ESOPHAGUS 

Diagnosis.  —  The  esophagoscope  has  performed  its  most  conspicuous  service 
in  the  diagnosis  and  removal  of  foreign  bodies  in  the  esophagus.  For  the 
knowledge  of  a  foreign  body  within  the  esophagus  —  aside  from  the  esoplia-n 
scope  —  the  surgeon  can  depend  upon  the  history  of  the  case,  upon  touching  the 
foreign  body  with  a  sound  introduced  within  the  esophagus,  and  upon  an  X-ray 
examination.  The  history  is  often  unreliable.  Many  patients  feel  certain  that 
they  have  swallowed  a  foreign  body  when  such  is  not  the  case.  In  others,  who 
actually  have  swallowed  a  foreign  body,  the  object  mav  have  passed  on,  leaving 
sensations  referable  to  the  esophagus  which  produce  the  impression  in  the  pa- 
tient that  the  body  swallowed  is  still  within  the  esophagus.  Among  children, 
there  may  be  no  history  at  all  of  the  deglutition  of  a  foreign  body.  The  little 
patient  may  be  brought  to  the  physician  suffering  from  attacks  of  coughi; 
vomiting  (regurgitation).  Strangely  enough,  all  observers  have  agreed  that 
even  the  X-ray  has  failed  at  times  to  reveal  the  presence  of  a  foreign  body 
within  the  esophagus,  although  I  believe  that  this  can  happen  only  upon  rare 
occasions.  With  the  present-day  perfection  of  the  X-ray,  it  is  difficult  to  be- 
lieve that  such  an  error  is  possible,  unless  the  foreign  body  is  soft  as  cotton,  or 
very  translucent  to  the  X-ray,  as  may  be  the  case  with  some  pits  or  seeds. 

There  is  a  general  agreement  that  the  use  of  sounds  for  the  recognition  of 
a  foreign  body  is  not  only  dangerous  but  that  it  is  extremely  uncertain.  There 
is  no  longer  an  excuse  for  their  use,  or  for  the  use  of  bristle  probangs  or  coin 
catchers.  All  these  instruments  have  not  only  frequently  failed  to  extract  for- 
eign bodies,  but  on  rare  occasions  have  caused  perforations. 

Removal  Through  the  Esophagoscope.  —  After  the  radiograph  has  been  taken 
an  attempt  should  be  made  to  remove  the  foreign  body  through  the  esophago- 
scope. During  this  operation,  every  portion  of  the  tract  should  be  examined, 
including  the  back  of  the  pharynx,  both  pyriform  sinuses,  and  the  entrance  to 
the  esophagus.  It  has  not  infrequently  happened  that  a  foreign  body  has  been 
dislodged  or  been  passed  by  the  esophagoscope  in  the  attempt  to  first  see  the 
object  in  the  assumed  location. 

Foreign  bodies  are  easily  recognized  through  the  esophagoscope.  Coins 
shine  out  vividly,  although  occasionally,  if  they  have  remained  a  long  time  in 
the  esophagus,  they  may  be  embedded  in  folds  of  mucous  membrane,  or  be  sur- 
rounded by  an  inflamed  area  which  may  make  their  recognition  more  difficult. 
Once  discovered,  they  can  easily  be  extracted  with  an  appropriate  pair  of  for- 
ceps. Open  safety  pins  are  the  most  difficult  bodies  to  extract.  These  may  be 
closed  by  an  instrument  designed  by  Mosher  —  consisting  of  a  horizontal  ring 
attached  to  a  staff.  The  ring  is  passed  over  the  head  of  the  pin.  Then  a  long 
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hook  is  passed  through  the  ring  of  the  pin,  and  the  pin  is  pushed  or  pulled, 
according  to  the  direction  in  which  it  points,  and  thus  closed.  It  may  then  be 
easily  extracted.  Up  to  the  time  of  the  publication  of  Starck's  book,  he  was 
able  to  collect  73  cases  of  foreign  bodies,  of  which  all  but  5  per  cent,  were  suc- 
cessfully dealt  with  by  esophagoscopy.  He  compares  this  to  the  statistics  of  217 
cases  of  external  esophagotomy  for  foreign  bodies,  of  which  20.93  per  cent.  died. 

No  rules  can  be  given  for  the  extraction  of  foreign  bodies  by  the  esophago- 
scope. For  each  individual  case,  special  technic  must  be  employed.  The 
simple  forceps  will  be  found  useful  for  a  majority  of  bodies.  It  may  be  neces- 
sary to  guide  the  body  into  the  stomach.  Dr.  Jackson  in  this  manner  has  5 
times  successfully  removed  safety  pins  which  were  lodged  in  the  esophagus  with 
their  points  directed  upward.  Through  the  esophagoscope,  the  pin  is  caught 
at  the  eye  by  the  forceps  or  hook,  pushed  down  into  the  stomach,  rotated,  and 
pulled  upward.  If  the  body  is  pointed  or  actually  sticking  into  the  esophageal 
walls,  it  must  be  seized  and  so  rotated  that  the  pointed  end  can  be  extracted  last. 
It  may  be  necessary  to  cut  large  bodies  into  small  pieces  for  extraction.  Von 
Mikulicz  invented  an  instrument  for  this  purpose. 

Many  times  it  may  be  possible  to  pass  a  ring — horizontally  fastened  to  a 
stem — below  the  examining  esophagoscope.  By  withdrawing  the  ring  slightly, 
the  body  may  be  engaged  between  the  ring  and  the  end  of  the  esophagoscope, 
and  thus  extracted. 

Special  instruments  may  sometimes  be  needed  which  are  capable  of  engag- 
ing a  foreign  body,  just  as  a  bladder  stone  is  seized  for  crushing.  One  of  the 
most  frequently  lodged  of  foreign  bodies  is  the  plate  of  false  teeth.  Often,  these 
present  considerable  difficulty,  particularly  if  they  have  been  lodged  in  the 
esophagus  for  any  length  of  time.  This  difficulty  depends  upon  inflammatory 
reaction  around  the  body,  upon  spasm  excited  by  its  presence,  and  upon  the  size 
and  irregular  shape  of  the  body.  Forceps  possessing  hook-like  pins  will  often 
secure  a  firm  hold  upon  the  plate.  A  wire  loop  in  the  form  of  a  snare  may  often 
be  passed  around  the  body,  securing  a  very  firm  hold.  This  wire  should  be  thin 
enough  to  break  easily  in  case  it  is  found  necessary  to  secure  a  new  hold.  Ir- 
regular pieces  of  bone,  which  form  a  large  percentage  of  the  foreign  bodies 
lodged  within  the  esophagus,  present  many  of  the  same  difficulties  that  are  en- 
countered in  removing  plates  of  teeth,  and  are  -to  be  dealt  with  in  much  the 
same  manner. 

Local  anesthesia  and  adrenalin  will  do  much  to  aid  in  the  elimination  of  the 
local  spasm  of  the  esophagus  and  contraction  of  the  inflamed  area.  Guisez  has 
devised  a  special  speculum,  the  end  of  which  hinges  open  and,  in  his  opinion, 
facilitates  the  dislodgment  of  the  impacted  foreign  bodies  from  within  the 
esophagus.  He  reports  3  cases  in  which  he  has  used  it  with  success. 

Mortality. — In  1911,  Dr.  Jackson  collected  from  the  large  clinics  616  esopha- 
goscopies  for  foreign  bodies,  with  a  mortality  of  3  per  cent.  The  percentage  obviously 
represents  skillful  work. 

In  a  later  paper,  appearing  in  July,  1913,  and  read  before  the  International  Con- 
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gress  at  London,  Dr.  Jackson  n -ports  193  cases  of  esophagoscopy  for  foreign  bodies  per- 
formed in  the  large  clinics  by  presumably  skillful  operators.  The  foreign  body  was 
successfully  removed  155  times  and  e>e;ip,-d  int.,  th.-  -t..nia«-h  j»;  time-.  There  were 
12  deaths,  of  which  4  were  due  to  anesthesia  by  chloroform.  Death  occurred  after  the 
operations  in  8  cases,  of  which  7  were  esophagoscoped  by  operators  whose  total  num- 
ber of  cases  had  been  less  than  3. 

Dr.  Jackson  uses  only  local  anesthesia,  even  with  children.  In  his  last  107 
esophagoscopies  and  bronchoscopies  in  children  under  6  years  of  age,  he  has  succeeded 
with  local  anesthesia  alone.  In  206  cases  of  foreign  body  in  the  esophagus,  in  all 
classes  of  patients,  he  has  removed  the  offending  body  !!»•*  time-.  In  this  series,  4 
deaths  occurred,  1  in  a  woman  of  56  years  with  advanced  nephritis.  Jn  the  3  others, 
severe  lacerations  of  the  esophagus  had  been  produced  by  other  operators  during  previ- 
ous attempts  to  remove  the  foreign  body. 

These  figures  contrast  strongly  with  the  20.93  per  cent,  of  mortality  among  217  cases 
collected  b.v  K:il«.yen,pul«is,  in  which  the  foreign  body  was  removed  l,y  external  opera- 
tion. This  last  figure,  of  course,  does  not  include  the  more  dangerous  intrathoracic 
route  for  foreign  bodies  imbedded  in  the  lower  esophagus.  The  same  unfavorable  mor- 
tality, due  to  the  open  method  for  the  removal  of  foreign  bodies,  appears  in  the  sta- 
tistics of  Egolff  Balacescu,  von  Kohn,  Neumann,  and  Levy.  Von  1  lacker  first  suc- 
cessfully removed  a  foreign  body  from  the  esophagus  by  esophagoscopy,  and  from  that 
time,  up  to  1907,  he  has  successfully  removed  foreign  bodies  from  all  of  38  patients 
referred  to  him.  In  Starck's  series  of  78  patients,  which  includes  the  patients  of 
Mackenzie,  von  Mikulicz,  Kosenheim,  Merkel,  Ebstein,  Gottstein,  Killian,  Killian- 
Eicker,  von  Hacker,  Winternitz,  Starck,  Reizenstein,  Harmer,  and  von  Schrotter, 
there  have  been  no  failures. 

In  1911,  Lerche  collected  from  the  literature  200  cases.  Among  these,  there 
was  a  mortality  of  12.5  per  cent.,  but  no  deaths  among  47  of  these  cases  in 
which  the  body  was  removed  by  esophagoscopy.  Of  the  patients  who  died, 
among  those  who  did  not  have  the  benefit  of  esophagoscopy,  23 — or  11.5  per 
cent. — died  of  perforation  of  the  esophagus.  Besides  the  23  deaths  due  to  per- 
foration of  the  esophagus,  there  were  18  cases  of  perforation  of  the  abdominal 
viscera,  with  2  deaths. 

The  following  list  of  the  foreign  bodies  in  the  series  of  patients  collected  by 
Lerche  will  illustrate  the  varieties  most  frequently  impacted :  tooth-plates,  41 ; 
pieces  of  bone,  34;  coins,  26;  pins  and  needles,  22;  open  safety-pins,  18;  fish- 
bones, 4 ;  metal  whistles,  7 ;  metal  buttons,  5 ;  pieces  of  wood,  4. 

Foreign  bodies  may  remain  impacted  within  the  esophagus  for  long 
periods  of  time  before  causing  serious  trouble.  The  accompanying  illus- 
tration shows  a  nickel  five-cent  piece  found  in  the  esophagus  of  a  child.  The 
presence  of  the  coin  was  entirely  unsuspected,  and  the  child  died  of  throm- 
bosis of  the  pulmonary  artery.  Of  the  series  of  cases  collected  by 
Lerche,  the  longest  period  of  lodgment  of  a  foreign  body  in  the  esophagus  was 
4 y_>  years. 

Importance  of  Skill  in  Esophagoscopic  Treatment. — In  spite  of  the  excel- 
lent results  of  extraction  of  foreign  bodies  with  the  aid  of  the  esophagoscope, 
considerable  care  is  necessary  in  the  operation,  and  only  those  who  understand 
esophagoscopic  technic  should  attempt  the  removal  of  foreign  bodies  by  this 
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means.    This  fact  has  been  emphasized  by  Jackson ;  its  importance  and  his  high 

authority  deserve  quotation. 

"From  the  number  of  cases 
of  traumatic  esophagitis  and 
septic  mediastinitis  and  pleuri- 
tis  into  which  I  have  been  called 
in  consultation,  I  feel  that  the 
mortality  at  the  hands  of  the 
untrained  must  be  many  times 
greater  than  is  evident  from  the 
statistics."  Jackson  received, 
as  confidential  correspondence 
from  laryngologists  in  need  of 
help  and  advice,  accounts  of  8 
deaths  from  unskillful  attempts 
at  esophagoscopy  by  the  un- 
trained. He  believes  that 
"esophagoscopy  and  gastroscopy 
differ  from  almost  all  other  de- 
partments of  medicine  and  sur- 
gery in  the  manual  dexterity 
which  they  require,  a  dexterity 
which  is  separate  from  a  knowl- 
edge of  the  problem;  hence, 
they  should  never  be  attempted 
without  long  previous  training 
under  instruction  of  a  compe- 
tent master." 

These  facts  regarding  the 
presence  of  foreign  bodies  in  the 
esophagus  and  their  removal  by 
the  aid  of  esophagoscopy  are  fully 
sustained  by  other  more  recent  ar- 
ticles by  Schousboe,  Tilly,  Botella, 
Guisez,  Voss,  Korner,  Reuter, 
Jurasz,  Makkas,  Blanel,  Reinking, 
McKinney. 

All    these    authors    emphasize 

the  danger  from  untreated  foreign  bodies  in  the  esophagus  and  the  uncertainty  of 
diagnosing  their  presence  by  any  other  means  than  by  the  esophagoscope. 


FIG.  21. — AUTOPSY  SPECIMEN  OF  A  CHILD.  The  cause  of 
death  was  previously  unknown.  At  the  level  of  A  a 
5-cent  piece  was  found  imbedded  in  a  perforating  ulcer 
of  the  esophagus  and  adjacent  to  this  ulcer  a  thrombus 
filled  the  pulmonary  artery.  The  thrombus  is  shown 
at  the  level  of  B. 
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History  and  General  Principles. — At  the  same  time  that  von  Mikulicz  was 
experimenting  with  esophagoscopy,  he  attempted  to  invent  a  successful  gastro- 
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scope.  His  ambitions  for  gastroscopy  were  too  great.  They  led  him  to  an  at- 
tempt which  ultimately,  in  his  own  hand,  proved  impracticable,  namely,  the 
hringing  of  the  distal  end  of  the  »-.\~\  n.scopc  into  easy  contact  with  all  portion 
of  the  gastric  mucosa  of  the  distended  stomach,  lie  became  convinced,  from 
experiments  upon  the  cadaver,  that  a  ri^id  tuhc  could  nut  he  introduced  into 

the  greater  curvature  of  the  stomach  of  normal 
individuals.  Snl»cipient  experience  has  dem- 
onstrated that  he  was  mi-taken,  and  this  error 
was  responsible  for  the  lack  of  development  in 
gastroscopy  durin»-  the  following  25  years. 

Believing  that  the  anterior  curvature  of 
the  twelfth  dorsal  and  first  and  second  lumbar 
vertebrae  presented  an  impassable  obstruction 
to  the  passage  of  a  rigid  straight  tube  into  the 
stomach,  von  Mikulicz  devised  the  instrument 
illustrated  in  Figure  22.  The  instrnmei 
provided  with  distal  illumination,  2  water-cool- 


FIG.  22. — VON  MIKULICZ  GASTROSCOPE. 


ing  tubes,  a  tube  for  the  aspiration  of  the  stomach  contents,  and  a  tube  for  the 
distention  of  the  stomach  with  air.  In  addition  to  all  these  auxiliary  parts,  it 
is  provided  with  a  lens  system  and  a  deflecting  prism  at  the  angle  of  the  bend. 
It  measures  65  cm.  by  14  mm.,  the  angle  contained  between  the  middle  and 
ventral  thirds  being  150°.  The  whole  plan  of  the  instrument  was  most  in- 
genious, but,  while  diminishing  one  of  the  difficulties  encountered  in  gas- 
troscopy, von  Mikulicz  added  other  problems  far  more  serious.  Because  of 
the  practical  bearing  of  these  difficulties  upon  the  successful  performance  of 
gastroscopy,  they  will  be  explained  in  some  detail. 
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Von  Mikulicz  did  not  use  general  anesthesia,  as  he  correctly  considered  it 
unsafe  to  pass  a  rigid  instrument  into  the  stomach  without  the  aid  of  the  pa- 
tient's sensation.  At  first  he  used  no  anesthesia  and  it  is  not  surprising  that 
he  found  the  retching  and  discomfort  so  great  that  he  was  unable  to  accom- 
plish anything.  With  morphin  anesthesia,  however,  he  was  able  to  allow  the 
instrument  to  remain  within  the  stomach  long  enough  to  obtain  some  glimpses 
of  its  interior.  Inasmuch  as  nothing  was  published  concerning  the  use  of 
this  instrument,  it  was  probably  unsuccessful.  The  reasons  for  failure  are 
evident  to  anyone  who  has  had  experience  in  gastroscopy.  The  stomach  is  an 
organ  far  more  difficult  to  manage  than  the  bladder.  It  possesses  2  openings, 
neither  of  which  controls  its  contents  with  the  same  degree  of  security  with 
which  fluid  is  retained  by  the  sphincter  of  the  bladder.  It  is  impossible,  as  von 
Mikulicz  discovered,  to  distend  the  stomach  successfully  with  water,  since  dis- 
tention  with  water  almost  always  excites  vomiting.  Moreover,  many  of  the 
pathological  lesions  in  the  stomach  cloud  a  water  medium. 

It  is  impossible  to  completely  empty  the  stomach  of  all  food,  and  equally  impossible 
to  wash  out  a  stomach  and  drain  off  all  the  water.  It  is  surprising  how  much  is 
retained  after  the  most  painstaking  lavage.  The  surest  way  to  secure  an  empty 
stomach  is  to  withhold  all  food  and  drink  for  a  sufficient  length  of  time  before  the 
examination.  Even  after  this  precaution,  some  fluid  will  always  be  found  within  the 
stomach.  This  fluid  will  invariably  cause  clouding  of  any  lens  system  which  is  intro- 
duced within  the  stomach  without  a  preliminary  preparation  of  the  interior  of  the 
stomach  to  receive  an  optical  instrument.  Upon  this  precaution,  more  than  upon  any 
other,  depends  the  successful  examination  of  the  interior  of  the  stomach  by  an  indirect 
method.  The  stomach  cannot  thus  be  prepared  without  first  introducing  within  it  a 
direct  endoscope. 

By  means  of  the  endoscope,  every  centimeter  of  the  esophagus  and  stomach 
can  be  explored  as  the  aboral  end  of  the  gastroscope  is  advanced  from  the  begin- 
ning of  the  esophagus  to  its  final  destination  within  the  interior  of  the  stomach. 
Such  a  method  of  introduction  permits  of  the  detection  of  any  abnormal  condi- 
tions in  the  path  of  the  end  of  the  instrument  and,  therefore,  it  is  absolutely 
safe.  It  enables  the  operator  to  obtain  his  bearings  within  the  stomach  and 
finally  withdraw  the  residual  fluid.  While  it  is  very  difficult  to  empty  the 
stomach  completely  with  a  stomach  tube,  I  have  experienced  little  difficulty  in 
withdrawing  through  the  esophagoscope  so  much  of  what  remains  in  the  stom- 
ach after  fasting  that  the  subsequent  examination  of  the  interior  of  the  stomach 
by  indirect  lenses  was  not  interfered  with. 

The  successful  use  of  the  direct  endoscope  is  a  prerequisite  to  the  successful 
use  of  the  indirect  telescope  within  the  stomach.  Moreover,  the  information 
obtained  by  the  proper  use  of  the  endoscope  within  the  stomach  is  of  the  greatest 
value  in  itself.  A  large  portion  of  the  stomach  can  be  explored  by  this  instru- 
ment, particularly  if  the  stomach  is  dilated  with  air.  By  means  of  the  endo- 
scope, foreign  bodies  within  the  stomach  and  small  bits  of  tissue  for  micro- 
scopical examination  may  be  removed.  I  believe  that  its  value  is  underesti- 
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mated  and  that  an  exaggerated  value  is  placed  upon  the  indirect  telescope.  The 
satisfactory  character  of  the  views  obtained  by  the  latter  is  illustrate*  1  by  the 
pictures  accompanying  this  article. 

The  indirect  telescope  will  probably  prove  of  greater  value  in  normal 
stomachs — in  that  it  furnishes  a  negative  diagnosis — rather  than  in  the  diag- 
nosis of  actual  lesions,  at  least  of  cancers.  It  enables  the  operator  to  view  rap- 
idly a  considerable  portion  of  the  stomach.  A  successful  use  of  the  indirert 
instrument,  however,  is  only  made  possible  by  the  preliminary  preparation  of 
the  stomach  by  means  of  the  straight  endoscope.  Witlmut  the  latter,  indirect 
gastroscopy  is  a  failure. 

We  owe  to  Dr.  Chevalier  Jackson  the  demonstration  of  the  faet  that  a  riirid, 
straight  tube  can  be  passed  into  the  stomach  of  a  normal  man,  and  made  to 
traverse  much  of  the  interior  of  this  organ.  As  a  result  of  the  conclusions  of 
von  Mikuiicz  that  gastroscopy  could  not  be  performed  by  the  use  of  a  strain  hi 
rigid  tube,  practically  no  attempts  were  made  to  examine  the  interior  of  the 
stomach  directly  for  the  following  25  years.  Only  2  attempts  during  this 
period  deserve  mention,  that  of  Rosenheim  and  that  of  Rewidzoff. 

In  1896,  Rosenheim  designed  an  indirect  optical  gastroscope  consisting  of 
3  straight,  rigid  tubes.  The  outer  tube,  designed  to  be  introduced  blindly,  was 
closed  with  a  rubber  tip  at  the  end.  Within  this  fitted  a  middle  tube  carry inir 
the  lamp,  cooling  canals,  and  inflating  tube,  while  the  innermost  tube  was  the 
telescope.  The  middle  and  outer  tubes  contained  windows  which  could  be  ro- 
tated after  introduction  over  the  lens,  so  that  the  interior  of  the  stomach  could 
be  viewed  through  them,  or  the  prism  could  be  completely  covered  by  the 
sheath  and  thus  protected  during  its  introduction.  The  same  objection  applies 
to  this  instrument  as  to  that  of  von  Mikuiicz. 

A  much  better  instrument  was  that  designed  by  Rewidzoff  in  1s! '7.  For 
the  outer  tube  of  Rosenheim,  he  substituted  a  flexible  gum  elastic  sheath,  later 
replaced  by  a  rubber  tube.  This  is  first  blindly  passed  within  the  stomach, 
and  through  it  is  passed  a  rigid  straight  periscope.  Locning  and  Steida  have 
published  some  very  satisfactory  views  of  the  interior  of  the  stomach  obtained 
by  this  gastroscope.  The  instrument,  however,  obviates  in  no  way  the  serious 
objectionable  technic  of  necessitating  a  blind  introduction  of  the  outer  tube 
and  of  failure  to  provide  for  preliminary  preparation  of  the  stomach  Ixrfore  the 
introduction  of  the  optical  apparatus.  It  remained  for  Chevalier  Jackson's 
demonstration  of  the  feasibility  of  endoscopy,  not  only  to  prepare  the  way 
for  the  indirect  examination  of  the  stomach  by  an  optical  instrument,  but  also 
to  reveal  the  very  great  value  of  the  endoscope  itself. 

Regarding  the  relative  values  of  the  2  methods,  I  am  satisfied  that  the 
information  which  they  impart  when  used  together  can  be  obtained  in  no  other 
way  and  is  more  than  is  to  be  obtained  by  each  method  used  separately.  Un- 
doubtedly, direct  endoscopic  examination,  unless  conducted  under  deep  anes- 
thesia and  combined  with  external  manipulation  of  the  walls  of  the  stomach, 
will  not  bring  important  portions  of  the  stomach  into  view — portions  which 
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can    be    seen    with    the    indirect    view    under    moderate    distention    of    the 
stomach. 

Instruments. — If  von  Mikulicz  may  be  called  the  father  of  esophagoscopy, 
Jackson  may  properly  be  termed  the  father  of  gastroscopy.  I  have  modified  the 
Jackson  endoscope  for  gastroscopy  in  the  same  respects  in  which  I  have  modi- 
fied the  Jackson  esophagoscope.  The  accompanying  figure  (Fig.  23),  coupled 
with  the  description  of  the  esophagoscope,  will  make  these  modifications  clear. 
The  only  difference  between  the  esophagoscope  and  the  gastroscope  is  that  the 
latter  is  longer  and  its  lamp  is  attached  to  a  complete  inside  tube  of  extreme 
thinness.  The  gastroscope  is  24  inches  (60  cm.)  long  and  11  mm.  in  diameter. 
As  has  been  explained,  the  lamp  is  screwed  to  a  tongue-like  separate  portion 
of  this  inside  tube  which  causes  the  lamp  to  spring  into  the  recess  of  the  sheath 
when  the  inner  tube  is  in  place  within  the  outer  one.  I  have  also  added  the 


FIG.  23. — AUTHOR'S  GASTROSCOPE.  A,  Sheath  of  the  gastroscope;  B,  inner  tube  (endoscope)  beaiing 
the  lamp ;  C,  tube  carrying  the  large  lamp  for  gastroscopy ;  D,  indirect  telescope ;  E,  relation  of  indirect 
lens  and  large  lamp  when  these  parts  are  introduced  within  the  outer  sheath  of  the  gastroscope;  F, 
endoscope  for  use  with  the  large  lamp  for  direct  gastroscopy. 

glass  tube  which  fits  by  a  ground  cylindrical  casing  into  the  proximal  end  of  the 
gastroscope.  By  means  of  this  attachment,  the  stomach  may  be  distended  with 
air  after  the  gastroscope  has  been  inserted  within  it.  Figure  23,  C,  represents 
the  piece  bearing  the  lamp  used  with  the  indirect  periscope.  The  lamp  is  a 
very  large  one,  completely  filling  the  lumen  of  the  outside  tube.  It  fully 
illuminates  the  distended  stomach.  It  is  attached  to  the  stem  in  such  a  manner 
that  when  the  indirect  telescope  (Fig.  23,  D)  is  introduced  after  it  the  lamp 
is  pushed  to  one  side  and  occupies  the  relation  to  the  lens  illustrated  in  Figure 
23,  E,  a  position  most  favorable  for  quickly  obtaining  a  view  of  the  gastric 
mucosa.  Figure  23,  F,  illustrates  a  smaller  endoscopic  tube  which  also  may 
be  used  with  this  same  large  lamp.  It  permits  a  direct  view  of  the  interior  of 
the  distended  stomach  at  a  great  distance  from  the  tube.  With  this  instru- 
ment and  its  various  pieces,  it  is  possible  to  see  a  large  portion  of  the  interior 
of  the  stomach  with  very  little  movement  of  the  instrument.  This  in- 
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struiiiciit  was  developed  quite  ind< -JM -ndrntly  of  the  knowledge  of  the  instru- 
ments perfected  by  Jlill  and  Klsner,  both  of  whom  have  dune  much  to  develop 
indirect  gastroscopy.  Hill,  in  particular,  has  explained  that,  for  successful  in- 
direct gastroscopy,  preliminary  endoscopy  is  essential. 

Hill  and  Eisner  view  the  interior  of  the  stomach  indirectly  through  a  tele- 
scope inserted  after  the  introduction  of  an  endo 
scopic  tube.  The  lamp,  however,  is  attached  at  the 
end  of  the  telescope  and  is  made  in  one  piece  with 
it.  Eisner  has  further  published  a  description  of 
an  instrument  with  an  additional  prism,  which 
can  be  rotated  around  in  front  of  the  indirect  lens 
for  the  purpose  of  obtaining  a  retrograde  view. 
The  indirect  instrument  of  Hill  and  Eisner  has 
been  successful.  These  authors  have  published 


FIG.  24. — SUSSMANN'S  GASTROSCOPE. 

views  of  the  interior  of  the  stomach  and  reproductions  of  intragastric  patho- 
logical lesions.  The  first  indirect  telescope  which  I  designed  was  precisely 
similar  to  the  instrument  of  Hill  and  Eisner.  The  author  has  discarded  the 
use  of  this  type  of  lamp  and  telescope  because  with  the  lamp  herein  described 
it  is  possible  to  use  a  direct  endoscope  tube;  moreover,  the  illumination  with 
the  lamp  he  is  now  using  is  better. 

I  have  also  designed  an  instrument  by  which  both  the  direct  and  indirect 
views  can  be  obtained  after  the  instrument  has  been  inserted..    By  pushing  a 
prism  over  an  indirect  lens,  the  change  is  made  from  the  indirect  to  the  direct 
31  B 
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FIG.  27. — APPEARANCE  OF  LESSER  CURVATURE 
OF  A  NORMAL  STOMACH. 


view.  With  neither  of  these  instruments,  however,  have  I  been  able  to  obtain 
views  which  are  as  satisfactory  as  those  given  by  the  instrument  first  described, 
in  which  the  lamp  is  very  large  and  attached  to  a  stem  separate  from  the  tele- 
scope. I  believe  that  the  size  of  the  lamp  and  the  relation  which  it  bears  to  the 

lens  of  the  telescope,  afford  advantages 
which  are  not  to  be  secured  from  the 
instruments  in  which  the  lamp  and  the 
telescope  are  in  one  piece.  Simplicity 
of  construction  is  essential  to  success  in 
gastroscopy.  For  this  reason,  compli- 
cated instruments,  though  designed  to 
overcome  certain  very  apparent  difficul- 
ties, will  not  prove  successful.  This 
criticism  applies  to  types  of  instruments 
of  which  the  one  constructed  by  Suss- 
mann  is  an  example.  Though  a  marvel 
of  ingenuity,  it  is  too  complicated  for 
practical  use  (Fig.  24). 

Technic  of  Insertion  of  the  Gastro- 
scope. — The  technic  of  the  insertion  of 
the  gastroscope  as  far  as  the  beginning  of  the  cardiac  region  of  the  stomach, 
is  precisely  similar  to  the  technic  of  the  insertion  of  the  esophagoscope. 
The  description,  therefore,  need  not  be  repeated.  The  necessity  for  flexing 
the  knees  during  gastroscopy  is  even  greater  than  during  esophagoscopy. 
Flexion  of  the  knees  not  only  provides 
for  relaxation  of  the  abdomen  but  also 
on  account  of  flexion  of  the  spine  per- 
mits the  distal  extremity  of  the  gastro- 
scope to  occupy  a  more  anterior  plane 
within  the  stomach,  so  that  its  excur- 
sions within  the  stomach  are  greater. 
The  contrast  between  the  anteropos- 
terior  range  of  movement  of  the  gas- 
troscope within  the  stomach  when  the 
thighs  are  extended  and  flexed  is  illus- 
trated in  Figures  25  and  26  A  and  B. 
In  the  majority  of  instances  general 
anesthesia  is  desirable. 

It  is  quite  possible  to  see  the  in- 
terior of  the  stomach  with  the  aid  of 
local  anesthesia  alone  in  many  individuals  without  a  degree  of  discomfort  to 
which  such  patients  object,  nevertheless  the  examination  is  more  satisfactory 
with  the  aid  of  general  anesthesia  and  by  it  the  patient  is  saved  all  discomfort. 
No  form  of  anesthesia  is  so  well  suited  to  gastroscopy  as  intratracheal  anes- 


FIG.  28. — CARDIAC   REGION   OF  THE   STOMACH 
VIEWED  THROUGH  INDIRECT  TELESCOPE. 
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Fio.  29. — APPEARANCE  OF  NORMAL  STOMACH  AT 
ENTRANCE  TO  THE   PYLORIC  ANTHUM. 


thesia  by  ether.  I  have  a  method  ,,!'  int  rat  rarheal  ane-tln-ia  |,v  nitmiis  oxid 
and  oxygen  which  is  available  when  <,hj< -ctimis  exist  to  the  \\«-  of  ether.  Kther, 
however,  is  the  anesthetic  of  choice  and  tin;  whole  procedure  is  so  short  that 
little  objection  to  its  use  exists.  Its  u 
should  always  be  preceded  by  nmrphin. 
As  soon  as  the  aboral  end  of  the 
gastroscope  has  passed  the  card  i  a  c 
sphincter  it  is  easy  to  reoo»ni/.c  the  dif- 
ferent character  of  the  unsti-ic  mucosa. 
The  latter  is  a  darker  red  and  is  thrown 
into  folds  which  contrast  well  with  the 
paler  and  smoother  esophageal  mucosa. 
Difficulty  will  often  be  encountered  if 
it  is  now  attempted  to  push  the  gastro- 
scope further  into  the  stomach.  The 
end  of  the  instrument  is  liable  to  be- 
come pocketed  in  one  of  the  gastric 
folds,  and  thus  its  onward  progress 
either  obstructed  or  rendered  danger- 
ous. For  the  purpose  of  overcoming  this  difficulty,  I  have  fitted  the  glass 
window  over  the  end  of  the  proximal  extremity  of  the  instrument.  Through 
the  inlet  of  the  latter,  which  is  guarded  by  a  little  stop-cock,  the  stomach  may 

be  distended.  Its  distention  imme- 
diately obliterates  the  folds  and 
shows  the  direction  of  the  gastric 
canal  over  the  lesser  curvature.  It 
is  important  to  recognize  thus  the 
lesser  curvature,  as  it  forms  the 
most  serviceable  landmark  within 
the  stomach  (Fig.  27). 

Having  passed  the  lesser  curva- 
ture, one  has  already  inspected  a 
considerable  portion  of  the  cardia 
and  lesser  curvature  and,  by  ad- 
vancing the  instrument  still  fur- 
ther, the  region  of  the  greater 
curvature  directly  in  front  of  the 


FIG.  30. — CANCER  OF  LESSER  CURVATURE  OP 
STOMACH. 


instrument  will  be  seen.  The  in- 
strument should  now  be  withdrawn 
until  its  distal  end  lies  in  the  most 
spacious  portion  of  the  stomach;  the  glass  window  should  then  be  rein 
from  the  proximal  end  and  the  large  lamp  and  indirect  telescope  inserted. 
When  these  are  in  place  and  adjusted  in  their  proper  relations,  the  stomach 
is  a<>'ain  distended.  In  this  condition,  more  distant  views  in  a  lateral  direc- 
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tion  toward  the  fundus  of  the  stomach  and  in  the  direction  of  the  pylorus 
are  obtained.  Moreover,  the  magnification  by  the  lens  renders  the  finest  details 
of  the  mucous  membrane  visible.  Figures  27,  28,  29  and  30  show  the  views 
obtained  by  the  indirect  method  in  various  directions  within  the  stomach. 

If  now  it  is  desired  to  examine 'directly  any  portion  of  the  greater  or  lesser 
curvature  with  the  aid  of  the  more  brilliant  illumination  furnished  by  the  large 
lamp,  the  straight  endoscopic  tube  may  be  inserted  in  place  of  the  telescope. 
It  must  be  remembered  that,  when  the  direct  endoscope  is  first  inserted  into 
the  stomach  for  the  purpose  of  preparing  the  stomach  for  the  indirect  method, 
the  light  is  not  strong  enough  to  illuminate  the  interior  of  the  distended  stomach 
at  any  distance  from  the  tube.  With  the  combination  of  the  large  lamp  and  the 
straight  endoscopic  tube,  however,  one  may  see  clearly  the  fully  illuminated 
and  distended  stomach. 

Value  of  the  Direct  Endoscope. — Reference  has  already  been  made  to  the  com- 
parative merits  of  the  direct  and  indirect  methods,  but  I  desire  to  emphasize  again  the 
great  value  of  the  direct  endoscope  in  examining  the  stomach.  For  the  development 
of  this  instrument  we  owe  much  to  Dr.  Jackson.  In  his  paper,  appearing  in  1908  in 
the  American  Journal  of  Medical  Sciences,  he  refers  to  the  following  diagnoses  among 
70  miscellaneous  endoscopies: 

Chronic   gastritis 6 

Gastroptosis 3 

Gastrectasia    2 

Malignant  disease  of  cardia 3 

Malignant  disease  of  pylorus 3 

Malignant  disease  of  lesser  curvature 3 

Peptic  ulcer  8 

Cured  peptic  ulcer 1 

Negative  results,  of  value 1 

Foreign   body  removed 1 

Gastric  syphilis  1 

With  the  endoscope  alone,  particularly  if  the  organ  is  distended,  it  is  pos- 
sible to  cover  a  large  portion  of  the  stomach,  and  instrumentation  is  possible 
only  through  an  instrument  of  this  kind.  I  believe  that  both  Eisner  and  Hill 
have  somewhat  exaggerated  the  importance  of  the  indirect  method.  The  latter 
is  nevertheless  necessary  for  a  complete  survey  of  the  interior  of  the  stomach, 
and  it  greatly  facilitates  the  rapidity  of  the  examination.  It  furnishes  informa- 
tion of  a  special  kind  which  we  cannot  afford  to  be  without. 

Field  of  Usefulness  of  Gastroscopy. — In  estimating  the  value  of  gastroscopy, 
2  questions  suggest  themselves:  (1)  Is  it  more  desirable  to  depend  upon  an 
exploratory  laparotomy  for  a  diagnosis  of  intragastric  lesions  than  upon  a  gas- 
troscopic  examination?  (2)  Does  gastroscopy  furnish  any  more  information 
than  may  be  obtained  by  the  use  of  the  X-ray  ? 

An  exploratory  laparotomy  is  safe.  It  is  possible  to  perform  it  under  local 
anesthesia,  if  necessary,  or  at  least  under  light  general  anesthesia,  and  there  are 
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few  instances  when  it  does  not  reveal  all  that  is  necessary  to  know.  As  opposed 
to  these  considerations,  however,  it  is  possible  to  obtain — with  the  aid  of  not 
more,  at  least,  than  a  short  period  of  light  general  anesthesia — the  desired  in- 
formation concerning  the  interior  of  the  vertical  portion  of  the  stomach  by  gas- 
troscopy.  A  gastroscopic  oxnmiiut ion  will  not  necessitate  the  patient's  remain- 
ing in  bed  until  the  wound  is  healen!.  A  necessary  subsequent  operation  is  not 
delayed  or  embarrassed  by  the  exploratory  one.  Most  important  of  all,  if 
concrete  facts  are  presented  to  a  patient,  it  is  easier  to  influence  him  to  decide 
intelligently  upon  a  proper  course  of  treatment.  Moreover,  if  the  surgeon 
knows  the  character  of  the  lesion  present  and  its  extent,  he  is  in  a  better  posi- 
tion to  know  what  operation  should  be  performed  than  when  he  is  obliged  to 
decide  quickly,  after  the  abdomen  is  opened. 

Consider  a  surgeon  dealing  with  a  possible  new  growth  of  the  stomach, 
which  cannot  be  palpated  through  the  abdominal  wall.  It  will  be  assumed  that 
the  patient  has  had  gastric  symptoms.  lie  may  have  been  in  good  health,  or  now 
and  then  he  may  have  had  indefinite  gastric  symptoms  or  have  given  a  history 
of  an  old  ulcer.  The  new  symptoms  of  which  the  patient  complains  do  not  im- 
prove upon  expectant  treatment  during  a  period  of  2  weeks,  but  become  worse. 
A  radiograph  is  taken,  which  is  negative.  Such  a  case  suggests  cancer  of  the 
cardia.  Obviously,  it  is  wiser  to  attempt  to  see  the  interior  of  the  stomach 
than  to  advise  such  a  patient  to  submit  to  an  exploratory  operation.  If  the 
growth  is  found,  and  the  diagnosis  is  confirmed  by  the  microscope,  the  operator 
is  no  longer  dealing  with  uncertainties.  The  patient  is  furnished  with  infor- 
mation upon  which  he  can  act  intelligently,  and  the  surgeon  is  better  prepared 
to  plan  his  operation.  He  will  know,  in  the  first  place,  that  a  malignant  new 
growth  is  present  and  can  determine  its  position  if  the  tumor  can  be  seen  with 
the  gastroscope.  If  the  X-ray  examination  is  negative,  there  is  very  strong 
evidence  that  the  growth  is  small.  I  believe  that,  without  the  information  which 
gastroscopy  can  furnish,  both  surgeon  and  patient  are  at  a  disadvantage. 

Appearances  of  the  Normal  Stomach. — The  appearances  of  the  interior  of 
the  stomach  are  well  represented  in  Figures  27,  28,  29  and  30,  in  connection 
with  the  description  of  the  introduction  of  the  gastroscope.  Is  it  possible  to  see 
the  pylorus?  It  must  be  remembered  that  the  pyloric  region  of  the  stomach 
crosses  the  vertebral  column.  In.  this  direction,  the  entrance  to  the  pyloric 
region  may  be  seen  (Fig.  28).  Jhe  pylorus  itself  I  have  not  been  able  to  see, 
though  I  have  seen  pyloric  carcinomas,  for  the  majority  of  the  pyloric  carcino- 
mas extend  into  the  vertical  portion  of  the  stomach.  Both  Hill  and  Eisner 
have  said  that  they  have  seen  the  pylorus,  and  they  have  published  pictures 
showing  it.  I  have  not  been  able  to  confirm  their  experience. 

DIAGNOSIS  OF  PATHOLOGICAL  CONDITIONS  WITHIN  THE   STOMACH 

Gastroscopy  is  yet  so  new  that  little  opportunity  has  boon  afforded  for  an 
accurate  description  of  the  appearances  of  pathological  lesions  within  the 
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stomach.  I  have  examined  few  intragastric  lesions  other  than  cancer.  One  or 
2  illustrations  of  these  have  been  reproduced.  I  have  diagnosed  20  cases  of  can- 
cer of  the  stomach  by  its  appearance  or  by  microscopical  section  of  pieces  of 


FIG.   31. — SMALL   OUTLYING   NODULE   FROM  A  FIG.  32. — CANCER  OF  LESSER  CURVATURE  OF 

PATIENT  WITH  CANCER  OF  CARDIAC  EXTREM-  STOMACH. 

ITY  OF  THE  STOMACH. 

tissue  removed  at  the  time  of  the  examination.  Two  cases  of  ulcer  have  come 
under  my  observation.  In  1  the  microscope  showed  a  round-celled  infiltration 
of  the  tissues ;  the  patient  left  the  hospital  much  improved.  Inasmuch  as  both 


FIG.  33.  —  CANCER  OF  LESSER  CURVATURE  OF  FIG.  34. — CANCER  OF  CARDIAC  REGION  OF 

STOMACH.  STOMACH. 

ulcer  and  cancer  are  operable  lesions  it  is  not  a  matter  of  vital  importance  to 
distinguish  between  them. 

Of  the  intragastric  lesions  which  may  be  discovered  by  gastroscopy,  ulcer 
and  cancer  are  the  most  important.    Later  the  changes  due  to  the  various  func- 
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tional  gastric  disturbances  and  chronic  forms  of  gastritis  may  be  sufficiently 
defined  to  enable  one  to  recognize  appearances  which  will  be  characteristic  of 
such  lesions.  At  present  we  may  say  that  the  mucous  membrane  of  the  stomach 
in  chronic  gastritis  and  in  anemias  is  pale.  In  chronic  gastritis,  congested  areas 
and  mucus-covered  spots  are  seen.  In  conditions  associated  with  hi-ln-i  aciditv, 
the  membrane  may  be  unusually  congested,  and  erosions  may  be  seen  in  places. 
In  these  conditions,  a 
gastroscopic  examina- 
tion is  of  value,  chiefly 
because  it  may  exclude 
ulcer  or  cancer. 

Cancer  and  Ulcer.— 
Of  these  2  conditions, 
the  appearances  of  can- 
cer are  more  typical. 
In  cancers  of  the  car- 
diac region,  there  is  the 
same  finely  granular 
surface  which  is  some- 
times found  in  the 
esophagus.  In  other 
cases,  there  are  small 
tumors  present  in  the 
neighborhood  of  the 
primary  growth.  When 
these  are  found  they 
are  very  characteristic 
and  specimens  for  mi- 
croscopical examination  may  be  easily  obtained  from  them.  The  appearance  of 
one  of  these  nodules  is  represented  in  Fig.  31.  The  edges  of  the  main  part  of 
the  growth  are  everted.  The  surface  of  ulcer  may  be  covered  with  granulations 
or  with  slough,  or  the  base  may  be  granular.  These  tumors  are  best  studied 
endoscopically.  Tumors  further  within  the  cavity  of  the  stomach  differ  much, 
according  to  the  stage  in  which  they  are  examined.  Ulceration  may  be  absent 
In  late  stages,  I  have  seen  the  pyloric  and  prepyloric  regions  surrounded  by  a 
tumor  which  had  infiltrated  the  walls  of  the  stomach  beneath  the  mucous  mem- 
brane, converting  the  stomach  in  this  location  into  a  rigid  tube  without  ulcera- 
tion.  In  such  cases,  the  surface  is  thrown  into  folds  resembling  the  normal 
rugae,  except  that  they  are  rigid  and  unyielding.  It  is  in  these  cases  that  the 
indirect  method  of  examination  will  be  more  helpful.  Change  in  the  color  of 
the  mucous  membrane,  abnormalities  in  evenness,  and  protrusions  within  the 
stomach  will  attract  the  attention  of  the  surgeon  to  the  abnormal  area.  A  fre- 
quent appearance  produced  in  these  instances  by  cancer  of  the  cardia  is  that 
represented  by  Figures  34  and  35,  Small  tumors  project  into  the  cavity  of  the 


FIG.  35. — CANCER  OF  UPPER  PORTION  OF  LESSER  CURVATURE  OF 
STOMACH. 
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stomach  a  short  distance  from  the  cardiac  sphincter.  Such  appearances  are 
absolutely  characteristic. 

After  the  recognition  of  any  area  which  appears  to  be  abnormal,  the  endo- 
scopic  tube  may  be  inserted  and  a  portion  removed  for  microscopic  examination. 
It  is  impossible  to  distinguish  cancer  from  ulcer,  at  least  with  our  present 
knowledge,  and  the  microscopical  examination  of  the  tissues  removed  should 
alone  be  relied  upon.  If  this  shows  carcinoma,  we  know  that  cancer  exists ;  if 
it  is  negative,  we  cannot  exclude  malignancy.  If  cancer  is  present,  however, 
and  care  is  exercised  as  to  the  portion  of  the  mass  from  which  the  piece  for 
examination  is  taken,  there  should  be  few  failures  to  secure  tissue  which  is 
typical  of  the  lesion.  I  have,  however,  often  failed.  The  removal  of  normal 
mucous  membrane  undermined  by  cancer  is  the  most  frequent  cause  of  failure 
to  obtain  a  specimen  of  the  growth  itself,  as  such  a  relation  of  normal  to  diseased 
tissue  is  not  infrequent  in  the  periphery  of  a  tumor,  and  it  may  not  be  possible 
to  pass  the  periphery  of  tumors  with  the  gastroscope. 

Ulcers  within  the  stomach  have  been  classified  by  Eisner  as  simple  erosions, 
as  small  round  punched-out  ulcers,  or  as  callous  ulcers.  He  describes  these 
forms.  I  am  not,  from  my  experience,  able  to  describe  the  gastroscopic  appear- 
ances characteristic  of  ulcer,  and  believe  that  as  yet  the  knowledge  of  gas- 
troscopy  has  not  been  sufficiently  broad  to  justify  such  descriptions.  Most  of 
the  descriptions  display  a  dependence  upon  appearances  seen  at  autopsy  or  at 
the  operating  table.  Such  sources  of  information  furnish  better  guides  than 
actual  appearances  through  the  gastroscopic  tube. 

Nevertheless,  this  much  can  be  alleged:  carcinoma  and  ulcer,  when  seen 
within  the  stomach,  can  be  recognized,  so  that  when  dealing  with  the  former 
we  are  seldom  in  doubt  as  to  the  nature  of  the  lesion.  In  the  majority  of 
cases,  the  diagnosis  can  be  confirmed  by  obtaining  a  microscopical  section. 
This  latter  method  of  diagnosis  should  be  more  or  less  certain,  according 
to  one's  skill  in  selecting  portions  of  the  lesions  from  which  to  take  the 
section. 

The  Gastroscope  and  the  X-ray. — As  I  have  stated,  my  own  experience  has 
been  limited  chiefly  to  cancer,  and  the  majority  of  cancers  which  I  have  diag- 
nosed have  been  in  the  cardiac  region  of  the  stomach.  It  is  in  this  region  that 
the  gastroscope  finds  its  greatest  field  of  usefulness,  though,  of  course,  growths 
in  this  locality  are  far  more  infrequent  than  in  the  pyloric  region.  This  fact 
introduces  for  discussion  the  comparative  diagnostic  value  of  the  X-rays  and 
the  gastroscope. 

The  conclusions  of  such  a  discussion  are  of  much  importance  because  an 
X-ray  examination  is  easily  made  and  is  accompanied  by  no  particular  discom- 
fort. On  the  other  hand,  a  gastroscopic  examination  is  either  accompanied  by 
quite  a  little  discomfort  or  necessitates  a  general  anesthetic. 

I  have  been  fortunate  enough  to  be  associated  in  some  of  my  work  with  Dr. 
Lewis  G.  Cole  and  Dr.  Le  Wald.  Dr.  Le  Wald  will  discuss  his  views  in  another 
portion  of  this  work. 
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To  Dr.  Cole  unquestionably  belongs  tin-  credit  <»f  hiving  been  one  of  the  lir-i  {» 
demonstrate  that  a  series  of  bismuth  >had«»ws  of  tin-  stomach  may  hi-  taken  ait  such 
intervals  that  the  various  stages  of  the  peristaltic  wave  may  be  selected.  He  haft  fur- 
ther shown  that  in  such  a  series  of  plates  lesions  of  an  obstructive  nature  within  the 
stomach  will  cause  changes  in  the  various  stages  of  tin-  peristaltic  wave  which  art* 
characteristic  of  these  lesions.  Such  perfection  of  the  X  ray  diagnosis  of  the  stomach 
in  some  degree  reduces  the  value  of  gastroscopy.  It.  however,  only  diminish*-  th. 
value  of  gastroscopy  in  that  particular  portion  of  the  stomach  \vh  -•.-copy  i- 

weakest.  Dr.  Cole  has  been  kind  enough  to  furnish  tin;  writer  with  an  expression  of 
his  own  view  of  the  comparative  values  of  these  procedure-,  for  publication  here.  II. 
states : 

"Every  possible  effort  should  be  made  to  detect  early  malignant  lesions  of  th»- 
gastro-intestinal  tract.  The  results  of  the  technic  already  described  in  this  chapter, 
indicate  that  in  the  near  future  the  esophagoscope  and  gastroscope  will  xive  as  valuable 
information  in  the  upper  portion  of  the  digestive  tube  as  the  proctoscope  now  fur- 
nishes at  the  lower  end.  In  both  these  regions,  the  field  of  usefulness  of  these  instru- 
ments is  overlapped  by  or  so  closely  associated  with  rontgenologic  diagnosis  that  a 
word  from  a  rontgenologist  may  not  come  amiss. 

"TECHNIC. — The  gastroscopic  examination  is  apparently  le-s  painful  than 
would  imagine.  No  one  relishes  a  sword-swallowing  feat,  and  few  patients  take  kindly 
to  the  stomach  tube,  but  it  is  surprising  how  little  discomfort  the  gastroscope  entail-. 
The  3  or  4  patients  whom  I  have  seen  examined  by  the  method  described  in  this  chap- 
ter made  less  complaint  than  the  average  person  makes  over  an  ureteral  catheteriza- 
tion,  which  is  considered  painless  by  the  genito-urinary  surgeon. 

"FIELD  OF  OBSERVATION. — All  parts  of  the  esophagus  j'nd  the  rutr.e  on  the 
anterior  and  posterior  parts  of  the  vertical  portion  of  the  stomach  are  revealed  with  a 
distinctness  that  is  astonishing  to  one  unfamiliar  with  the  examination.  The  pars 
cardiaca,  and  especially  the  cardiac  orifice,  where  a  lesion  is  more  likely  to  escape  even 
careful  rontgenologic  observation,  is  the  very  region  to  which  the  gastroscope  is  par- 
ticularly applicable. 

"The  information  gained  by  gastroscopy  is  of  two  kinds : 

"First:  The  detection  of  a  lesion  in  the  esophagus  or  vertical  portion  of  the 
stomach. 

"Second :     Conclusions  as  to  its  malignancy  or  non-malignancy. 

"RELATIVE  USEFULNESS  OF  GASTROSCOPIC  AND  RONTGENOGRAPHIC  '. 
AMINATIONS.— In    their    special    regions,    the    gastroscopic    and    rontgenographic 
examinations    are    about   equally    successful    in    the    diagnosis   of   such    lesions,    but 
the  extent  of  the  larger  lesions,  particularly  on  the  lesser  curvature  of  the  stomach, 
can  be  determined  more  accurately  by  the  rontgenographic  examination.     Although 
cardiospasm,  cicatricial  contraction,  and  carcinoma  of  the  pars  cardiaca  can  usually  be 
identified   rontgenographically,   the  differentiation   between   these   conditions   can   be 
made  with  a  greater  degree  of  certainty  by  the  gastroscope  than  by  the  rontgen  e 
animation.     The  rontgenogram  reproduced  in  Figure  '2  illustrates  the  value  of  this 
combined  method  of  examination— in  this  instance,  applied  to  the  esophagus. 
oscopic  rontgenograms  of  this  patient  showed  a  collection  of  bismuth  just  above  the 
root  of  the  lungs,  caused  probably  by  pressure  on  the  esophagus  of  the  root  of  the  lung 
on  the  arch  of  the  aorta.    Although  the  obstruction  was  not  complete,  the  involvement 
looked   suspiciously   like   an   organic  lesion,  judged   by   a  single   examination, 
esophagoscopic  examination,  on  the  contrary,  failed  to  show  any  lesion  at  this  point, 
and  a  subsequent  autopsy  demonstrated  that  this  area  of  the  esophagus  was  normal. 

"The  present  field  of  gastrocolic  examination  does  not  include  the  pars  pylonca, 
as  has  already  been  stated.  In  this  region,  where  80  per  cent,  of  gastric  carcinomata 
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occur,  serial  rontgeiiography  affords  the  most  accurate  information  obtainable.  On 
the  rontgenographic  findings  alone  one  is  justified  in  making  a  positive  diagnosis  of 
indurated  gastric  ulcer  or  carcinoma,  although  it  is  not  always  possible  to  differentiate 
between  these  conditions.  However,  as  indurated  ulcer  may  become  malignant  at  any 
time,  ulcerative  processes  should  be  considered  malignant  until  proven  otherwise  by  the 
microscopic  examination  of  a  specimen. 

"VALUE  OF  COMBINED  GASTROSCOPY  AND  SEEIAL  KONTGENOGBAPHY. 
• — While  each  of  these  specialties,  still  new,  has  its  own  field  of  utility,  a  co- 
operative use  of  both  examinations  will  result  in  a  more  accurate  diagnosis  of  gastro- 
esophageal  lesions  than  has  ever  been  attained  by  any  other  method  or  methods,  and 
will  render  infrequent,  if  not  impossible,  the  failure  to  recognize  malignant  lesions  in 
their  earliest  stages." 

In  my  opinion,  there  can  be  no  question  that  it  is  most  desirable  in  every 
case  of  intragastric  lesion  to  have  the  findings  of  both  an  X-ray  and  a  gas- 
troscopic  examination.  In  the  cardiac  region  of  the  stomach,  an  X-ray  ex- 
amination is  often  inconclusive.  It  is,  however,  in  just  this  region  that  gas- 
troscopy  is  strongest.  At  the  present  time,  it  would  be  unwise  to  define  either 
how  much  of  the  stomach  should  be  claimed  by  either  of  these  methods  of  ex- 
amination or  the  degree  of  certainty  with  which  negative  findings  may  be 
trusted  throughout  such  fields.  I  believe,  however,  that  subsequent  experience 
will  substantiate  the  following  statements: 

If  the  interior  of  the  stomach  appears  normal  through  the  gastroscope,  the 
conclusion  is  justified  that  the  vertical  portion  of  the  stomach  is  normal.  This 
conclusion,  however,  is  not  warranted  by  a  negative  X-ray  examination. 

On  the  other  hand,  a  negative  gastroscopic  examination,  at  the  present  time, 
does  not  exclude  a  lesion  in  the  pyloric  portion  of  the  stomach,  whereas  a  series 
of  bismuth  pictures  taken  with  a  frequency  which  shows  the  progression  of  the 
peristaltic  wave  will  show  a  lesion  of  the  pyloric  portion  of  the  stomach,  if  such 
exists. 
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CHAPTER   XI 

THORACIC    SURGERY 
FRANZ  TOKI-.K 

SURGERY   OF   THE   ESOPHAGUS 

A.     THE   INTRODUCTION   OF   SOUNDS 

The  introduction  of  bougies  into  the  esophagus  is  indicated  for  purposes  of 
diagnosis  and  for  the  dilatation  of  strictures. 

Anatomical  Points. — The  following  anatomical  points  are  to  be  noted.  In 
the  neck  the  esophagus  lies  in  front  of  the  spinal  column  and  behind  the 
trachea,  a  little  to  its  left  side,  so  that  it  projects  slightly  beyond  the  left  border 
of  the  trachea.  In  the  thorax  it  occupies  a  portion  of  the  posterior  mediastinum 
and  is  there  situated  still  further  to  the  left.  Rarely  the  thoracic  duct  touch* •- 
its  posterior  surface  in  the  upper  part  of  the  thorax.  At  the  bifurcation  of  the 
trachea,  the  esophagus  lies  behind  the  trachea  and  also  behind  the  transverse 
portion  of  the  arch  of  the  aorta  from  which  the  trachea  separates  it.  Below 
this  point,  it  lies  at  first  to  the  right  of  the  descending  aorta,  and,  as  it  crosses 
the  left  bronchus,  its  relative  position  is  such  that  it  now  lies  between  the  left 
bronchus  and  the  aorta,  the  latter  being  posterior  and  to  the  left  of  the  esopha- 
gus. Then  the  esophagus  crosses  over  in  front  of  the  aorta  to  take  its  position 
to  the  left  of  that  vessel  in  the  lower  part  of  the  thorax.  It  may,  therefore,  be 
said  to  turn  spirally  around  the  aorta.  Its  shape,  however,  is  not  twisted  as 
much  as  the  description  of  its  course  relative  to  the  aorta  might  lead  one  to 
think ;  for  the  greater  part  of  the  twisting  is  done  by  the  aorta,  whereas  the 
esophagus  is  comparatively  straight.  There  are  individual  differences  in  its 
shape ;  in  some  subjects  the  curve  is  marked,  in  others  merely  indicated.  At  the 
esophageal  opening  in  the  diaphragm,  it  lies  markedly  to  the  left  of  the  median 
line.  The  last  centimeter  or  2  (about  V»  in.)  of  the  esophagus,  rarely  more,  is 
in  the  abdominal  cavity,  where  it  joins  the  stomach. 

It  receives  its  blood  supply  in  the  neck  from  branches  of  the  inferior  thyroid 
arteries ;  in  the  chest,  from  branches  of  the  bronchial  arteries  and  of  the  aorta 
itself ;  in  the  abdomen,  from  branches  of  the  left  gastric  artery. 
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It  has  a  mucous,  submucous,  and  muscular  coat.  It  is  covered  by  a  layer  of 
connective  tissue  which  is  directly  continuous  with  the  mediastinal  connective 
tissue. 

It  is  of  importance  to  know  that  a  narrowing  of  the  lumen  of  the  esophagus 
is  normally  present  at  3  more  or  less  well-defined  places.  The  first  of  these  is 
at  the  beginning  of  the  esophagus,  behind  the  cricoid  cartilage;  the  second  or 
middle  constriction  corresponds  to  the  bifurcation  of  the  trachea,  though  there 
may  also  exist  an  intermediate  one  between  these  2  at  the 
junction  of  the  cervical  and  thoracic  portions  of  the 
esophagus  ;  the  third  constriction  is  at  the  hiatus  cesopha- 
geus  of  the  diaphragm  or  from  1  to  2  cm.  (%  in.  or  so) 
above  it. 

One  should  know  not  only  the  total  length  of  the  esophagus 
but  also  the  distance  from  the  incisor  teeth  to  certain  points 
serving  as  landmarks.  Three  points  should  be  known;  they  are, 
first,  the  beginning  of  the  esophagus;  second,  the  site  corre- 
sponding to  the  bifurcation  of  the  trachea;  third,  the  cardiac 
end  of  the  esophagus.  The  distances  of  these  points  from  the 
teeth  are  not  the  same  in  all  individuals  but  may  vary  to  a  con- 
siderable degree,  and  they  are,  as  a  rule,  shorter  in  females  than 
in  males. 

According  to  v.  Hacker,  the  most  frequent  measure- 
ments are  as  follows:     For  males,  from  the  teeth  to  the 
beginning  of  the  esophagus,  15  cm.  (6  in.)  ;  to  the  bifur- 
cation, 26  cm.  (101/2  in.)  ;  to  the  cardia,  40  to  41  cm.  (1G 
to  161/2  in.).     For  females  these  figures  are,  respectively, 
14,  24,  and  38  to  39  cm.  (5i/2,  9i/2,  and  15  to  15l/2  in.). 
For  facility  in  memorizing  we  may  say  that  the  first 
B         stretch,   teeth  to   beginning  of  esophagus,    and  the  last 
FIG.  i.—  A,  CONICAL     stretch,  from  bifurcation  to  cardia,  measure  each  about 
15  cm.    (6  in.),  while  the  middle  stretch,  beginning  of 


esophagus  to  bifurcation,  measures  about  10  cm.  (4  in.). 

Types  of  Bougies.  —  Esophageal  bougies  are  of  2  kinds,  the  silk  web  bougies 
with  conical  points  (Fig.  1,  A)  and  the  olive-tipped  bougies  (Fig.  1,  B).  The 
former  are  used  for  dilating  strictures,  the  latter  are  preferable  for  determining 
the  exact  location  of  the  stricture,  as  the  olive  point  is  arrested  at  the  site  of  the 
constriction.  If  an  olive  point  can  be  made  to  pass  beyond  the  stricture,  one 
can  sometimes,  on  withdrawing  it,  also  locate  the  lower  end  of  the  stricture  by 
the  resistance  which  the  bougie  encounters.  Both  the  conical  and  the  olive- 
tipped  bougies  are  made  in  different  sizes. 

Diagnosis  by  Bougies.  —  For  purposes  of  diagnosis,  a  fairly  large-sized  olive 
tip  is  first  introduced,  in  order  that  its  passage  beyond  the  stricture  may  surely 
be  prevented  and  the  location  of  the  stricture  may  be  determined.  Then,  to  de- 
termine the  caliber  of  the  stricture,  smaller  and  smaller  olive  tips  are  inserted, 
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until  one  of  them  passes.    The  stricture  may  be  so  narrow  that  even  the  smallest 
instrument  fails  to  pass  beyond  it. 

Dilatation  of  Strictures. — For  dilating  strictures,  the  conical  silk  web  bou- 
gies are  used.     Having  determined  the  caliber  as  stated  above,  we  begin  with 
the  bougie  corresponding  to  that  caliber  and  gradually  insert  larger  an<l  1; 
bougies,  provided  that  the  stricture  proves  to  be  dilatable. 

The  surgeon  sits  in  front  of  the  patient,  a  basin  at  hand  to  catch  the  saliva, 
and  the  patient's  clothes  protected  by  a  sheet  or  by  towels.  Artificial  teeth  arc 
removed.  The  bougie  is  dipped  in  water,  that  it  may  glide  more  easily,  and,  in 
the  case  of  the  silk  web  bougie,  for  the  purpose  of  rendering  it  more  pliable. 
Of  lubricating  agents  employed,  water  is  the  one  that  is  least  objectionable  to 
the  patient ;  however,  oil,  vaselin,  glycerin,  or  white  of  egg  may  be  substituted. 
The  patient's  head  is  brought  slightly  forward,  as  this  position  opens  the  in- 
troitus  of  the  esophagus,  and  the  bougie  is  introduced  into  the  pharynx  in  the 
miclline  or  slightly  to  the  left  of  it,  as  the  esophagus  lies  somewhat  more  on  the 
left  than  on  the  right  side.  One  should  seek  to  avoid  contact  with  the  buccal 
cavity  as  much  as  possible  in  order  to  avoid  gagging.  In  some  cases,  however, 
in  order  to  facilitate  the  introduction  of  the  instrument,  it  may  be  necessn  • 
press  the  tongue  gently  forward  with  the  left  index  finger.  More  or  less  resist- 
ance may  be  encountered  at  the  sites  where  a  narrowing  of  the  lumen  is  normally 
present  (compare  anatomical  points  mentioned  above).  The  most  constant  of 
these  obstacles  is  at  the  beginning  of  the  esophagus,  behind  the  cricoid  cartilage. 
This  can  best  be  overcome  by  causing  the  patient  to  swallow,  as  the  bougie 
passes  that  point,  on  its  withdrawal  as  well  as  on  its  introduction.  To  diminish 
the  gagging,  the  saliva  should  be  allowed  to  flow  out  of  the  mouth,  the  patient's 
face  being  turned  slightly  downward.  Most  patients,  unless  instructed  other- 
wise, turn  the  face  up,  and  in  consequence  the  saliva  flows  toward  the  larynx 
and  causes  coughing.  The  tendency  to  gagging  may  also  be  diminished  by  en- 
couraging the  patient  to  breathe  deeply.  Undue  force  should  never  be  em- 
ployed ;  the  bougie  must  be  passed  gently.  One  should  feel  his  way,  as  it  were, 
as  if  the  tip  of  the  bougie  were  the  tip  of  the  finger. 

After  the  patient  has  become  somewhat  accustomed  to  the  procedure  of 
passing  the  bougie,  the  instrument  can  be  left  in  place  for  5  minutes  or  even 
1/2  hour.  To  prevent  the  patient  from  biting  off  the  bougie,  a  cork  or  wooden 
wedge  may  be  introduced  between  the  teeth.  Many  patients  soon  learn  to  in- 
troduce the  bougies  themselves. 

For  very  narrow  strictures,  the  silk  web  bougies  cannot  be  used;  filiform 
bougies  must  be  employed.  Those  made  of  catgut,  if  not  varnished,  will  swell 
when  in  situ  and  thus  aid  in  dilating  the  stricture.  They  may  be  left  in  place 
for  10  to  30  minutes.  In  instances  where  difficulty  is  encountered  in  finding 
the  entrance  to  the  stricture,  a  number  of  filiforms  may  be  introduced  through 
a  hollow  bougie  down  to  the  stricture,  and  one  after  another  may  be  pushed 
forward  in  a  manner  similar  to  that  employed  in  tight  strictures  of  the  urethra 
(Fig.  2).  Where  these  methods  fail,  attempts  should  be  made  to  pass  a  fili* 
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form  with  the  aid  of  the  esophagoscope.  Where  a  gastrostomy  has  already  beer, 
performed,  it  is  often  possible  to  pass  a  bougie  from  below  upward,  when  at- 
tempts to  pass  it  from  above  downward  have  failed. 

If  a  stricture  has  been  somewhat  dilated  by  one  of  the  above  methods,  rapid 
progress  may  often  be  achieved  by  the  introduction  of  a  rubber  drainage  tube 
stretched  over  a  long  probe  (v.  Hacker's  method).  As  probe  or  drainage  tube 
carrier,  a  stiff  filiform  is  used.  As  the  rubber  tube  is  stretched  over  the  car- 
rier, its  open  end  will  project  to  one  side  (Fig.  3,  A).  To  facilitate  its  intro- 
duction into  the  stricture,  the  projecting  open  end  is  cut  off  (Fig.  3,  B  and  C). 


B 


FIG.    2. — INTRODUCTION  OF  FILIFORM  BOUGIES  (a,  b,  c)       FIG.    3.  —  A  —  STRETCHING   A    RUBBER 
THROUGH  A  TUBULAR  BOUGIE    INTO  THE   STRICTURE.  TUBE  OVER  A  CARRIER.     B  AND  C — 

b',  THE  FILIFORM,  HAS  ENTERED  THE  STRICTURE.  CUTTING  OFF  PROJECTING  END. 

When  the  armed  tube  has  been  carried  through  the  stricture,  the  outside  end  of 
the  carrier  is  released  by  stretching  the  tube  and  letting  it  slowly  glide  over 
the  carrier.  The  rubber  tube  then,  by  virtue  of  its  elasticity,  tends  to  resume 
the  caliber  it  had  before  it  was  stretched  and  thus  dilates  the  stricture. 

No  matter  what  method  is  employed,  the  dilatation  must  be  gradual  and 
gentle.  If  pain  or  fever  occurs  during  the  course  of  treatment,  the  introduction 
of  bougies  must  be  intermitted  to  avoid  the  formation  of  ulcer  with  possible 
periesophageal  phlegmon  or  perforation. 

A  very  ingenious  method  of  aiding  the  esophageal  bougie  to  find  its  way 
down  is  one  using  a  thread  as  a  guide,  as  recommended  by  Mixter  and  Plum- 
mer.  Olive-tip  bougies  are  used,  the  olives  of  which  are  provided  with  drill 
holes  from  the  tip  to  1  side  of  the  base  for  threading  (Fig.  4,  A).  The  patient 
slowly  swallows  6  yards  of  buttonhole  silk.  The  first  portion  of  this  forms  a 
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snarl  in  the  esophagus  or  stomach.     IMnmmer,  therefore,  recommends  letting 
the  patient  swallow  ,*5  yar<ls  dnrin«r  an  afternoon  and  the  remain!: 
the  following  day.     The  tir.M   portion   :  itfl  tin-  intestine  during  tin-  ni-lit. 

and  the  remainder  usually  follows  without  >nariin^.  Tin-  thread  of  silk  passes 
down  the  intestines  sufficiently  far  to  prevent  its  withdrawal  mi  U-ini:  pulled 
taut.  The  silk  is  now  threaded  into  the  olive,  and  the  bonnie  i-  pa->ed  under 
its  guidance.  The  passage  of  an  iiniiiiided  in.-trninent  i>  particnlarly  ditiinilt 
in  cases  of  diverticulnin  and  eases  of  dilatation  proximal  to  a  con-triction. 
whether  orgaaiie  or  spasmodic,  the  tendency  always  being  for  the  instrument  to 


FIG.  4. — A — OLIVE  TIP  BOUGIE  WITH  GUIDE  SILK  THREADED  THROUGH  OLIVE;  B — BOUGIE 

IN  DlVERTICULUM  ;  C TRACTION  ON  GUIDE  THREAD  RAISING  BOUGIE  OUT  OF  P<  1  >l  HKCTINO 

IT  INTO  PROPER  CHANNEL. 


become  pocketed  in  the  diverticulum  or  in  the  pouch-like  dilatation.  The 
threaded  olive  will  likewise  enter  the  diverticulum  as  long  as  the  thread  is  left 
loose  (Fig.  4,  B)  ;  but  when  it  is  drawn  taut,  the  olive  is  raised  out  of  the  ponch, 
and  it  can  then  be  passed  into  the  proper  channel  I  Fii:.  1.  C);  Similar  condi- 
tions will  obtain  when  there  is  a  bag-like  dilatation  above  a  constriction.  With 
the  aid  of  the  threaded  bougie,  it  is  also  possible  to  determine  the  site  and  depth 
of  a  diverticulum.  The  bougie  is  passed  to  the  bottom  of  the  pouch,  the  thread 
being  slackened  slightly ;  then  a  pull  on  the  silk  raises  the  bougie  to  the  place 
where  the  esophagus  continues  downward. 

Electrolysis  has  been  used  with  good  results.     The  negative  pole  is  brought 
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in  contact  with  the  structure,  while  the  positive  pole,  attached  to  a  broad,  flat 
electrode,  is  placed  on  the  thorax.  A  current  of  15  milliamperes  is  applied  for 
50  to  60  seconds. 

Where  dilatation  by  any  of  the  above  methods  is  impossible,  operative  meas- 
ures are  employed.  These  are  internal  or  external  esophagotomy,  gastrostomy, 
and  combined  operations. 

Dangers. — A  disregard  of  the  rule  that  the  passage  of  bougies  must  always 
be  gentle,  or,  still  worse,  the  use  of  brute  force  in  the  presence  of  an  obstacle,  is 
apt  to  cause  perforation  just  above  a  stricture  or  at  the  site  of  an  ulcer  or  car- 
cinoma. If  an  aneurysm  of  the  aorta  exists,  there  is  great  danger  of  perforat- 
ing it  and  causing  immediate  death.  This  accident  has  occurred  repeatedly. 
Another  danger  is  that  of  introducing  the  bougie  into  the  larynx  and  causing 
suffocation.  Ordinarily  the  irritation  wrould  promptly  cause  a  violent  spasm  of 
coughing  and  thus  give  warning  of  the  mistake,  but  in  the  presence  of  anes- 
thesia the  error  might  not  be  noticed  promptly. 

Centra-indications. — If  we  know  that  aneurysm  of  the  aorta  is  present,  the 
passage  of  a  sound  should  be  avoided,  if  possible.  However,  the  presence  of  an 
aneurysm  as  the  cause  of  esophageal  obstruction  may  be  unknown  when  the 
bougie  is  introduced  for  purposes  of  diagnosis  or  treatment.  I  described,  in 
1891,  2  cases  with  marked  obstruction  in  which  I  had  introduced  bougies  for  the 
purpose  of  dilating  what  was  supposed  to  be  a  malignant  stricture  of  the  esopha- 
gus. In  the  course  of  this  procedure  I  observed  that,  when  the  bougie  was  in 
situ,  its  stem  could  be  seen  and  felt  to  pulsate.  This  symptom  led  me  to  suspect 
the  presence  of  aneurysm  of  the  aorta,  a  diagnosis  which  was  later  substantiated 
by  additional  clinical  symptoms.  The  cases  demonstrated  a  new  symptom  of 
aortic  aneurysm  in  the  pulsating  esophageal  sound.  Of  course,  this  pulsation 
will  take  place  only  if  the  aneurysm  impinges  on  the  esophagus,  and  it  is,  there- 
fore, most  likely  to  be  found  in  cases  where  the  aneurysm  causes  esophageal 
stenosis.  If,  therefore,  the  bougie  transmits  pulsations,  one  should  be  very 
wary  of  reintroducing  it. 

Although  opposed  to  former  views,  we  must  consider  the  presence  of  carci- 
noma of  the  esophagus  to  be  another  centra-indication  to  the  passage  of  sounds. 
Irritation  of  a  carcinoma  is  apt  to  cause  it  to  grow  more  rapidly,  in  this  location, 
as  elsewhere.  One  should,  therefore,  desist  from  passing  sounds  oftener  than 
necessary  for  a  diagnosis.  Formerly,  dilatation  was  a  recognized  method  of 
treatment  of  carcinoma  of  the  esophagus ;  in  the  light  of  our  present  knowledge, 
this  practice  must  be  condemned,  especially  since  I  have  demonstrated  and 
proved  the  possibility  of  successful  surgical  removal  of  esophageal  carcinoma 
(page  510). 

In  non-dilatable  strictures  the  passage  of  bougies  should  not  be  persisted  in ; 
they  are  cases  for  operative  treatment.  In  congenital  stenosis  of  the  esophagus, 
if  the  bougie  fails  to  pass  when  handled  gently,  one  should  desist.  These  cases 
sometimes  have  complete  atresia  of  the  esophagus. 

I  saw  a  case  of  this  nature  in  consultation,  in  a  baby  4  days  old,  that  had 
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vomited  everything  since  birth.  Bougies  would  not  enter  the  stomach.  I  coun- 
seled the  performance  of  gastrostomy  and  warned  a-mi-t  further  attempts 
at  passing  bougies.  The  family  physician,  however,  permitted  himself  to  be 
urged  by  the  parents  to  make  another  attempt  to  pass  a  sound.  This  time  he 
succeeded  in  overcoming  the  obstruction,  and  the  baby  swallowed  some  milk 
which  did  not  return.  Death  occurred  soon  after,  and  autopsy  revealed  that 
a  complete  atresia  of  the  esophagus  had  been  present,  ami  that  the  bougie  had 
perforated  through  the  bottom  of  the  blind  pouch  into  the  pleura. 

B.     ESOPHAGOTOMY 
1.     INTERNAL  ESOPIIAGOTOMY 

Internal  esophagotomy  with  the  aid  of  an  instrument  similar  to  Maison- 
neuve's  urethrotome  is  a  dangerous  procedure,  as  it  may  be  attended  by  perfora- 
tion of  the  esophagus  or  injury  to  neighboring  organs  occasioned  by  entrance 
of  the  instrument  into  a  false  passage ;  or  it  may  be  followed  by  peri-esophageal 
phlegmon.  It  has,  therefore,  been  abandoned.  Under  the  guidance  of  the  eye, 
with  the  aid  of  the  esophagoscope,  internal  esophagotomy  stands  upon  a 
sounder  footing.  (See  Vol.  Ill,  Chap.  X.) 

2.     INTERNAL  ESOPHAGOTOMY  COMBINED  WITH  GASTROSTOMY 

An  interesting  and  very  successful  method  is  that  of  Dunham,  who  employs 
silk  threads  and  guides.  Dunham  has  perfected  Abbe's  method  of  sawing  into 
a  stricture  with  a  silk  thread  by  wedging  an  olivary  dilator  into  or  against  the 
stricture,  thus  pressing  the  string  against  the  wall  of  the  stricture  which  it  is 
intended  to  cut.  The  method  presupposes  the  presence  of  a  previously  made 
gastrostomy  opening.  The  procedure  is  as,  follows : 

•  The  patient  swallows  a  silk  thread  which  is  passed  through  an  ordinary 
glass  drinking  tube,  and  the  loose  end  of  which  is  allowed  to  float  in  a  glass  of 
water.  As  the  water  is  sucked  through  the  tube,  the  silk  thread  is  washed  down 
the  esophagus.  Its  lower  end  is  then  caught  through  the  gastrostomy  wound. 
Now  a  long,  stout,  linen  fishing  line  is  taken,  and  the  upper  end  of  the  swal- 
lowed thread  is  tied  to  it  at  its  middle.  The  strong  thread  is  pulled  through 
till  its  doubled  end  has  emerged  from  the  gastrostomy  opening.  The  doubled 
end  is  cut,  so  that  we  now  have  2  strings  in  the  esophagus.  One  of  these  is  to 
serve  as  a  saw,  the  other  for  the  purpose  of  introducing  metal  spindles  of  dif- 
ferent sizes  into  the  esophagus.  The  spindle  is  locked  at  each  end  to  a  wire 
which  serves  to  guide  it  to  the  proper  place  (Fig.  5,  A),  the  wire  in  turn  being 
introduced  by  one  of  the  linen  threads  to  which  it  is  tied.  A  small  spindle  is 
first  used.  While  an  assistant  draws  it  snugly  against  the  stricture,  the  sur- 
geon makes  sawing  motions  with  the  fishing  line,  cutting  into  the  stricture 
against  which  the  thread  is  pressed  by  the  spindle.  This  sawing  is  continued 
until  the  spindle  passes  the  stricture.  Then  successively  larger  spindles  are 
33  B 
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locked  to  the  wires,  and  the  process  of  sawing  is  repeated.  To  guard  the  soft 
parts  of  the  pharynx  and  stomach  from  injury  by  the  fishing  line  and  the  wire,  2 
guard  tubes  are  used,  1  for  the  pharynx  (Fig.  5,  B),  and  1  to  be  introduced 
through  the  gastric  fistula  to  the  cardiac  orifice  (Fig.  5,  C).  Not  too  much 
should  be  attempted  at  1  sitting.  In  the  interval  between  operations  the 
patient  retains  a  thread  in  the  esophagus,  the  upper  end  of  which  is  fastened 
to  the  face,  the  lower  to  the  abdomen.  At  the  next  sitting  this  thread  serves  to 
introduce  a  new  doubled  fishing  line,  and  the  operation  is  repeated  as  before. 
When  the  largest  spindles  pass  through,  the  patency  of  the  esophagus  is  pre- 


FIG.  5. — A — DUNHAM'S  WIRE-AND-SPINDLE  BOUGIE;  B — GUARD  TUBE  FOR  PHARYNX;  C — GUARD  TUBE 

FOR  STOMACH. 

served  by  the  passage  of  sounds.     Instead  of  wires  and  spindles,  a  filiform 
guide  bougie  on  which  is  locked  an  olive-tipped  dilator  may  be  used. 


3.     EXTERNAL  ESOPHAGOTOMY 

Indications. — This  operation  is  performed  for  the  removal  of  foreign  bodies 
that  cannot  be  extracted  by  bloodless  methods  (see  chapter  on  Esophagoscopy  ) , 
also  for  the  cure  of  certain  strictures  favorably  located  for  this  method  of 
treatment  and  not  capable  of  being  treated  by  dilatation.  In  regard  to  the 
former  indication,  the  following  rules  will  serve  as  a  guide:  1.  Foreign 
bodies  recently  swallowed  should  be  removed  by  external  esophagotomy  within 
24-  hours  after  bloodless  methods  have  failed.  2.  Foreign  bodies  swallowed 
some  days  previous  require  immediate  operation,  if  bloodless  methods  fail. 
3.  If  the  nature  of  the  foreign  body  is  such  that  its  movement  up  or  down 
would  involve  danger,  immediate  operation  is  indicated.  4.  Immediate  opera- 
tion is  also  indicated  if  there  is  hemorrhage  from  the  mouth.  5.  The  most 
absolute  indication  for  immediate  operation  is  the  presence  of  peri-esophageal 
phlegmon  and  mediastinitis. 


BSOPHAGOTOMT 

In  cases  of  stricture,  external  esophagotomy  is  employed:  1.  To  incise 
strictures  situated  in  the  neck.  The  in«.i>iou  u  made  in  the  longitudinal  direc- 
tion, whereas  the  healing  occurs  more  in  u  transverse  direction,  thus  tending  to 
widen  the  lumen.  -2.  To  establish  an  e^Mj.lui-eal  fistula  for  the  introduction 
of  food,  if  the  obstruction  is  higher  up.  8,  Sometimes  for  the  purpose  of 
dilating  strictures  situated  below  the  upper  th«.ra<M<-  aperture.  I.  For 
the  purpose  of  incising  strictures  situated  below  the  iipjH-r  thoracic 
aperture,  through  the  esophagotomy  open  in-  the  so-called  combined 
esophagotomy  (Gussenbauer),  a  combination  of  external  and  int. 
esophagotomy. 

Anatomical  Points. — In  the  neck  the  esophagus  deviates  .-lightly  to  the 
projecting  somewhat  farther  out  than  the  left  border  of  the  trachea,  which  lies 
in  front  of  it.  The  recurrent  laryngeal  nerve  runs  upward  in  the  iriitter  be- 
tween the  esophagus  and  the  trachea.  The  structures  in  front  of  the  lateral 
border  of  the  esophagus  are  the  skin  and  superficial  fascia,  the  platysma,  th» 
sternocleidomastoid,  sternohyoid,  and  omohyoid  muscles,  the  thyroid  gland, 
and  the  middle  layer  of  the  deep  cervical  fascia,  which  is  continuous  with  the 
capsule  of  the  thyroid  gland  mesially  and  with  the  sheath  of  the  great  vessels 
laterally. 

Technic. — As  the  esophagus  projects  somewhat  beyond  the  trachea  on 
the  left  side,  the  operation  is  usually  performed  on  that  side  of  the  neck.  It 
may,  however,  be  performed  on  either  side.  The  claim  that  the  danger  of  in- 
jury to  the  recurrent  nerve  is  greater  on  the  right  side  has  been  exaggerated ; 
the  danger  certainly  exists  also  on  the  left  side.  If  esophagotomy  is  done  for 
the  removal  of  a  foreign  body,  the  seat  of  that  body  or  of  the  accompanying  in- 
flammatory process  determines  on  which  side  the  operation  is  to  be  performed. 
Incision  is  made  along  the  anterior  border  of  the  sternocleidomastoid  muscle 
from  the  hyoid  bone  to  the  clavicle.  After  the  skin,  the  platysma,  and  the 
superficial  fascia  of  the  neck  have  been  divided,  the  sternocleidomastoid  muscle 
is  retracted  laterally  and  the  sternohyoid  mesially.  The  omohyoid  muscle  is 
divided.  The  middle  layer  of  the  deep  cervical  fascia,  which  also  envelops  the 
thyroid  gland  and  is  attached  to  the  sheath  of  the  great  vessels,  is  now  exposed 
to  view.  Access  to  the  esophagus  is  obtained  only  after  this  fascia  has  been 
divided,  which  is  done  by  an  incision  made  mesially  to  the  carotid  sheath, 
the  thyroid  gland  and  larynx  and  trachea  can  be  well  retracted  to  1  side,  to- 
gether with  the  sternothyroid  and  sternohyoid  muscles,  and  the  great  vessels 
are  drawn  to  the  other  side,  together  with  the  sternocleidomastoid  muscle. 
The  inferior  thyroid  artery  is  seen  coursing  across  the  field,  passing  from  be- 
neath the  common  carotid  mesially  toward  the  thyroid  gland.  The  longus  colli 
muscle  lies  in  the  background.  The  inferior  thyroid  artery  i<  divided  between 
2  ligatures.  Underneath  it  the  esophagus  presents.  Care  must  be  taken  to 
avoid  injuring  the  recurrent  laryngeal  nerve,  which  lies  in  the  groove  between 
the  esophagus  and  the  trachea.  If  necessary,  it  should  be  retracted  mesially 
with  a  small  hook.  The  esophagus  is  opened  on  its  posterolateral  aspect  in 
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order  to  avoid  injury  to  the  nerve.  A  bougie  is  introduced  to  facilitate  the 
incision  of  the  esophagus. 

If  the  operation  is  made  for  the  removal  of  a  foreign  body,  this  is  grasped 
and  released  by  careful  levering  motions,  avoiding  all  undue  force.  A  stomach 
tube  is  now  introduced  through  the  esophagotomy  wound  for  the  purpose  of 
feeding,  a  cigarette  drain  is  carried  to  the  esophagus  below  the  tube  and  an- 
other one  toward  the  mediastinum,  and  the  rest  of  the  wound  is  closed  in  2 
layers.  If  any  peri-esophageal  inflammation  is  present,  the  entire  wound  is 
left  open,  and  the  dressings  are  changed  every  few  hours.  The  tube  is  removed 
in  about  7  days.  The  first  few  days  after  the  removal  of  the  tube  the  wound 
should  be  held  closed  during  deglutition  by  pressing  a  pledget  of  gauze  or 
cotton  on  it. 

In  simple  cases,  where  the  wall  of  the  esophagus  is  uninjured,  the  esopha- 
gotomy wound  may  be  closed  by  a  double  row  of  catgut  sutures.  Favorable  con- 
ditions for  suture  will  not  usually  be  found :  for  it  is  the  prognostically  serious 
cases  that  are  treated  by  operation,  esophagoscopy  being  employed  in  the  less 
serious  ones.  But  even  if  the  esophagus  wound  is  closed,  the  external  wound 
must  be  drained  in  every  case,  also  toward  the  mediastinum.  In  cases  favor- 
able for  suture,  Hans  recommends  median  incision  of  the  esophagus  after 
cutting  the  skin  in  the  median  line.  He  considers  this  easier  and  believes 
that  the  closure  of  the  suture  is  rendered  safer  by  the  trachea  lying 
over  it. 

If  peri-esophageal  phlegmon  and  mediastinitis  are  present,  the  incision  is 
made  on  the  side  of  the  supposed  seat  of  the  perforation  at  the  anterior  border 
of  the  sternocleidomastoid  muscle  and  is  deepened  down  to  the  esophagus.  The 
esophagus  is  followed  downward  in  the  course  of  the  pus  to  the  depth  of  the 
mediastinum.  If  there  is  pus  on  both  sides,  a  bilateral  incision  is  made.  The 
esophagus  is  opened  at  the  site  of  the  perforation,  the  foreign  body  removed, 
and  a  stomach  tube  introduced.  Extensive  drainage  is  made,  both  upward  in 
the  neck  and  downward  into  the  mediastiuum.  The  wound  is  left  open  in  its 
entire  extent.  The  foot  end  of  the  bed  is  raised  to  facilitate  the  drainage  of 
the  mediastinum,  and  this  position  is  retained  until  the  secretion  of  pus  has 
diminished  and  the  septic  process  has  become  localized.  A  preliminary  gas- 
trostomy  may  be  performed  to  simplify  the  wound  treatment. 


DANGERS  OF  ESOPHAGOTOMY 

Aspiration  pneumonia  may  arise  as  a  sequence  either  of  the  narcosis  or  of  the 
manipulation  of  the  throat  and  consequent  swelling.  Phlegmon  and  mediastinitis  may 
develop  subsequent  to  operation.  Metastatic  abscesses  may  ensue.  Septic  erosion  of 
the  blood-vessels  may  result,  which,  as  a  rule,  is  fatal.  The  treatment  consists  in 
digital  compression,  until  the  vessel  can  be  isolated  and  tied.  This  is  very  difficult  of 
accomplishment.  Another  sequence  of  a  less  serious  nature  that  may  occur  is  the 
persistence  of  esophageal  and  mediastinal  fistula.  The  former  usually  close  even  after 
the  lapse  of  months,  and  if  they  fail  to  do  so,  they  may  be  closed  by  operation. 
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C.     OPERATION    FOE    DIVERTICULUM    OF    THE    ESOPHAGUS 

Anatomical  Points. — Compare  anatomical  points  under  Introduction  of 
Sounds  and  External  Esophugotomy.  . Mthmi^h  ,li\«-rticula  may  occur  in  any 
part  of  the  esophagus,  they  are  found,  as  a  rule,  in  tin-  uppermost  part  of  that 
organ,  their  existence  in  other  parts  l.c-in-  extremely  rare.  They  consist  of 
pouches  of  greater  or  less  size,  the  neck  of  which  is  about  the  level  of  the  ci 
cartilage.  The  pouch  descends  behind  the  esophagus  and  more  frequently  to 
the  left  side.  Its  wall  regularly  consists  only  of  a  protrusion  of  the  mucosa, 
the  muscular  coat  of  the  esophagus  being  lacking.  The  diverticulum  may, 
therefore,  be  considered  to  be  a  hernia  of  the  mucosa.  As  it  dilates,  it  presses 
more  and  more  upon  the  esophagus,  narrowing  its  lumen,  so  that,  when  an 
esophageal  bougie  is  passed,  it  regularly  becomes  pocketed  in  the  diverticulum 
(see  page  495).  Viewed  through  the  esophagoscope,  the  continuation  of 
the  esophagus  appears  as  a  narrow  slit  in  the  wall  of  the  diverticulum. 
When  the  diverticulum  is  large  and  filled,  it  may  often  be  seen  protruding  at 
the  neck,  as  a  rule  on  the  left  side.  In  the  fluoroscopic  picture,  after  tho 
patient  has  swallowed  a  bismuth  mixture,  the  shadow  of  the  diverticulum  may 
be  seen  (Fig.  6,  plate  facing  page  550)  ;  small  diverticula,  globular  in  shape, 
are  seen  to  move  up  on  deglutition ;  large  ones  have  more  the  shape  of  a  bag. 

Technic. — As  a  preparatory  measure,  the  teeth  and  mouth  should  be  put 
into  good  condition  by  the  removal  of  tartar  and  the  use  of  mouth-washes  and 
gargles.  If  the  patient  is  much  underfed,  it  is  advisable  to  perform  a  pre- 
liminary gastrostomy  and  to  postpone  operation  until  the  patient  is  better  nour- 
ished. The  situation  of  the  sac,  as  seen  in  the  radiograph,  determines  whether 
the  operation  is  to  be  performed  on  the  right  or  the  left  si  da  The  access  to 
the  esophagus  and  its  diverticulum  is  the  same  as  that  described  under  External 
Esophagotomy.  If  a  goiter  is  present  and  interferes  with  the  operation,  it  may 
be  resected.  The  sac  is  then  exposed,  grasped  with  a  blunt  forceps,  and  thor- 
oughly freed  up  to  its  neck  by  blunt  dissection.  If  the  identification  of  the 
sac  is  difficult,  the  introduction  of  a  bougie  will  aid  in  its  recognition.  The 
neck  of  the  sac  is  ligated  with  catgut,  the  sac  is  cut  off,  and  the  mucosa  of  the 
stump  is  cauterized.  If  the  neck  of  the  sac  is  large,  a  suture  is  employed  in- 
stead of  a  ligature.  The  stump  is  buried  by  suturing  the  muscular  coat  over  it. 
A  cigarette  drain  is  inserted  and  brought  out  through  the  lower  part  of  the 
wound.  In  case  of  very  large  sacs  reaching  well  down  into  the  mediastinum, 
it  may  be  preferable  to  do  the  operation  in  2  stages,  at  first  merely  to  deliver  the 
sac,  leaving  it  outside  the  neck,  to  be  removed  later,  after  the  access  to  the 
mediastinum  has  been  blocked  by  granulations. 

If  the  diverticulum  lies  in  the  neck,  the  operation  can  be  performed  under 
local  anesthesia  with  novocain,  %  per  cent.,  and  suprarenin.  The  deep  injec- 
tions, 10  to  15  c.  c.  or  more,  can  be  made  from  the  posterior  border  of  the 
sternocleidomastoid  muscle,  whereas  the  region  of  the  trachea,  tho  sternothyroid 
and  sternohyoid  muscles,  the  platysma,  and  the  subcutaneous  connective  tissue 


502  THORACIC    SURGERY 

are  injected  from  points  at  the  anterior  border  of  the  stern ocleidomasto id 
muscle.     The  anemia  produced  by  the  suprareniii  facilitates  the  operation. 

After- treatment. — In  the  after-treatment  attention  to  the  mouth  and  teeth 
is  again  important.  Alimentation  is  partly  rectal,  partly  through  a  small-sized,, 
soft  rubber  stomach  tube  or  catheter  introduced  into  the  esophagus.  Toward 
the  end  of  the  first  week  the  patient  may  swallow  fluids,  and  in  the  course  of 
the  second  week  his  nutrition  may  be  increased.  The  drain  is  loosened  on  the 
third  day  and  removed  on  the  fifth  day,  when  it  is  replaced  by  a  very  small 
one.  About  the  end  of  the  second  week  a  bougie  is  carefully  introduced. 


D.     RESECTION    OF    THE    ESOPHAGUS 

1.     RESECTION  OF  THE  CERVICAL  PORTION  OF  THE  ESOPHAGUS 

This  operation  is  indicated  in  carcinoma  of  the  cervical  portion  of  the 
esophagus.  It  has  also  been  done  in  cases  of  stricture,  but  is  not  to  be  recom- 
mended in  those  cases. 

Anatomical  Points. — Besides  the  anatomical  points  mentioned  under  In- 
troduction of  Sounds  and  External  Esophagotomy,  attention  is  called  to  the 
fact  that  the  deep  cervical  lymphatic  nodes  should  be  examined  for  carcino- 
matous  involvement.  There  are  two  sets  of  nodes,  the  superior,  along  the 
upper  part  of  the  internal  jugular  vein,  in  the  neighborhood  of  the  bifurcation 
of  the  common  carotid  artery,  and  the  inferior,  situated  along  the  lower  part 
of  the  internal  jugular  vein  and  in  the  supraclavicular  fossa,  mainly  in  the 
angle  formed  by  the  subclavian  and  internal  jugular  veins.  The  inferior 
lymphatic  nodes  are  usually  aft'ected  later  than  the  superior.  On  the  left  side 
the  proximity  of  the  thoracic  duct  to  the  inferior  nodes,  and  the  possible  danger 
of  wounding  it,  must  be  kept  in  mind. 

Technic. — A  preliminary  gastrostomy  should  be  done  to  improve  the  patient's 
nutrition,  increase  his  powers  of  resistance,  and  diminish  the  dangers  of  wound  infec- 
tion and  other  insults  coincident  with  feeding  through  the  cervical  wound.  The  resec- 
tion of  the  esophagus  must  be  a  circular  resection  in  lines  at  least  2  cm.  (4/5  in.)  dis- 
tant from  each  end  of  the  carcinoma.  The  affected  deep  cervical  lymphatic  nodes,  as 
well  as  those  that  are  suspected  of  being  involved,  must  be  removed;  whether  this  is 
done  at  the  time  of  the  main  operation  or  later  must  be  determined  in  the  individual 
case.  In  advanced  cases  it  may  be  necessary  to  remove  the  larynx  and  part  of  the 
trachea  as  well. 

As  a  rule,  an  attempt  should  be  made  to  restore  the  esophagus.  Eor  this 
purpose  a  large,  broad  skin  flap  from  the  neck  is  taken  and  turned  upon  itself, 
so  as  to  form  a  tube,  or  rather  a  deep  gutter,  with  the  skin  side  inward.  The 
2  ends  of  this  tube  are  sutured  to  the  upper  and  lower  divided  ends  of  the 
esophagus.  The  esophageal  tube  is  thus  restored  except  at  the  side,  where  the 
edge  of  the  flap  turns  back  upon  the  flap.  This  part  is  tamponed;  it  is  closed 


Fio.  7. — A — DIAGRAM  OF  FLAP  FOR  CERVICAL  ESOPHAOOPLABTY  ;  B — FLAP  TURICED  UPOJ*  ITSELF  TO 
FORM  A  TUBE.  The  surface  of  the  skin  forms  the  inner  lining  of  the  tube.  Above  and  below,  the 
free  edges  of  the  tube  are  sutured  to  the  pharynx  and  esophagus  respectively.  Where  the  free  edge 
meets  the  flap  near  its  pedicle — right  side  of  illustration — the  tube  is  open.  A  part  of  the  free  edge 
is  sutured  to  the  upper  and  lower  borders  of  the  flap. 
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FIG.  8. — DIAGRAM  OF  ESOPHAGOPLASTY  ACCORDING  TO  V.  HACKER.  A  shows  gutter  of  skin  to  form 
posterior  half  of  new  esophagus;  T,  trachea.  B — From  surfaces  a  and  b  the  flaps  c-c,  have  been 
taken  and  joined  to  each  other  by  suture  d,  the  epidermis  being  inside;  e,  suture  of  newly  made  tube 
to  anterior  half  of  esophagus;  f  and  f ',  flaps  for  covering  new  tube;  T,  trachea;  E,  esophagus,  still  open 
in  anterior  portion.  C — f ,  larger  flap,  f ,  smaller  flap,  both  of  which  are  sutured  to  St,  the  sternocleido- 
mastoid  muscle;  h,  suture  of  flap  to  trachea. 
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about  2  weeks  later.  The  diagrammatic  representations  in  Figure  7,  A  and  B, 
show  one  method  of  forming  the  flap. 

The  esophagus  may  also  be  restored  according  to  v.  Hacker's  method.  In 
the  first  act  the  skin  flap  is  placed  into  the  depth  of  the  wound  to  form  the 
posterior  wall  of  the  esophagus  (Fig.  8,  A).  The  posterior  halves  of  the  upper 
and  lower  esophagus  stumps  are  sutured  to  the  upper  and  lower  borders  of  the 
flap  respectively.  In  the  second  act  a  skin  flap  is  shaped  on  each  side  of  the 
newly  made  posterior  wall  of  the  esophagus,  and  the  2  flaps  are  turned  toward 
each  other,  edge  to  edge,  and  united  to  form  a  tube  (Fig.  8,  B).  This  tube,  in 
turn,  is  covered  by  lateral  skin  flaps  (Fig.  8,  C)  mobilized  for  the  purpose. 

Dangers. — The  dangers  of  the  operation  are  injury  to  the  recurrent  laryn- 
geal  nerves,  the  jugular  and  subclavian  veins,  and  the  thoracic  duct,  wound 
infection  causing  sepsis  or  peri-esophageal  phlegmon  and  mediastinitis. 

Causes  of  Failure. — The  most  frequent  immediate  causes  of  failure  are  in- 
sufficient nutrition  and  resistance  of  the  patient,  cardiac  failure,  pneumonia,  ex- 
haustion, and  wound  infection.  Failure  to  achieve  permanent  results  is  due  to 
the  advanced  stage  of  the  affection,  many  cases  having  progressed  beyond  the 
esophagus,  especially  on  the  larynx  and  trachea,  and  to  the  failure  to  remove 
all  affected  lymphatic  nodes. 

Eesults. — The  mortality  is  about  36  per  cent.  Only  1  case  (v.  Hacker's) 
was  free  from  recurrence  for  1%  years  at  the  time  when  it  was  reported.  All 
others  succumbed  to  recurrences. 

2.     RESECTION  OF  THE  THOEACIC  AND  ABDOMINAL  POKTIONS  OF  THE 

ESOPHAGUS 

Previous  to  the  era  of  intrathoracic  surgery  under  differential  pressure  it 
was  the  aim  to  attack  the  esophagus  by  entering  the  posterior  mediastinum 
without  injury  to  the  pleura.  These  procedures  will  be  referred  to  under 
Operations  on  the  Posterior  Mediastinum.  The  danger  incident  to  pneumo- 
thorax  caused  by  opening  the  pleural  cavity  compelled  the  surgeon  to  select  the 
extrapleural  route.  However,  since  there  now  exist  methods  of  keeping  the 
lungs  inflated  to  any  desired  degree,  while  the  thorax  is  open,  the  transpleural 
route  of  access  to  the  esophagus  is  preferred. 

Before  describing  transpleural  resection  of  the  esophagus,  it  will  be  neces- 
sary to  discuss  some  matters  common  to  all  intrathoracic  operations. 

General  Remarks  on  Intrathoracic  Operations.  —  PNEUMOTHOEAX. — The 
opening  of  the  chest  cavity  naturally  causes  pneumothorax,  which,  if  bilateral, 
invariably  proves  fatal.  If  only  one  side  is  opened,  a  fatal  outcome  does  not 
always  result.  In  the  case  of  bilateral  pneumothorax  death  ensues,  because 
both  lungs  collapse  and  oxygen  is  not  supplied  to  the  blood,  so  that  the  patient 
dies  from  carbon-dioxid  intoxication.  In  cases  of  unilateral  pneumothorax  the 
disturbance  was  explained  by  Sauerbruch  as  follows :  The  collapsed  lung  per- 
mits more  blood  to  pass  through  it  than  the  expanded  lung.  The  collapsed 
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lung,  being  hyperemic,  therefore,  deprives  tin;  normal  lung  of  some  of  its  share 
of  blood,  Ilenee  the  normal  lung  cannot  ox \  senate  it.-  normal  amount  of  blood, 
as  it  does  not  receive  its  full  share,  an<l  the  <-ollapsed  lung  returns  the  blood  to 
the  left  heart  unoxygenated. 

This  explanation,  however,  has  been  disproved  by  others  who  have  shown 
that  the  collapsed  lung,  instead  of  being  hyperemie,  on  the  contrary  contains 
less  blood  than  the  normal  lung.  The  sum  total  of  the  blood  in  both  lungs  is 
less  than  in  the  normal  condition,  and,  of  course,  the  collapsed  lung  does  not 
arteriali/e  the  blood  passing  through  it.  So  we  have  lack  of  oxygen  and  in- 
toxication with  carbon  dioxid,  the  same  as  in  bilateral  pneumothorax,  and 
death  may,  therefore,  be  due  to  the  same  can 

Another  factor  that  has  a  bearing  on  insufficient  arterial i/ation  of  the  blood 
is  to  be  found  in  the  relation  of  the  tension  of  the  expanded  lung  to  the  diastolic 
expansion  of  the  heart.  The  collapse  of  a  lung  is  accompanied  by  a  somewhat 
diminished  diastolic  expansion  of  the  heart,  especially  the  riiiht  heart,  so  that 
the  amount  of  blood  propelled  by  the  heart  is  diminished.  This  latter  observa- 
tion is  of  practical  importance  in  operating  under  differential  pressure.  If  the 
heart  becomes  weak,  while  the  lung  is  collapsed,  it  is  well  occasionally  to  dilate 
the  lungs  more  thoroughly  to  encourage  improvement  in  the  quality  of  the 
pulse. 

The  most  important  factor  that  enters  in  causing  insufficient  materialization 
of  the  blood  is  a  diminution  in  the  excursion  of  the  unexposed  lung.  \Yhenever, 
on  an  inspiratory  movement,  the  diaphragm  descends  and  the  chest  wall  ex- 
pands, the  position  of  the  mediastinum  will  change.  Inasmuch  as  this  par- 
tition between  the  two  pleurae  is  movable,  it  will  deviate,  on  inspiration,  toward 
the  side  where  the  negative  pressure  is,  that  is,  toward  the  unopened  side,  so 
that  the  lung  is  incapable  of  expanding  to  its  normal  extent.  The  expiratory 
movement  is  similarly  deficient,  as  the  mediastinum  then  gives  way  to  the  pres- 
sure from  within  and  is  forced  to  the  opposite,  the  open,  side.  Consequent  lv 
the  lung  is  neither  sufficiently  filled  on  inspiration  nor  sufficiently  emptied 
during  the  expiratory  movement.  There  is  also  a  certain  amount  of  to-and-fro 
breathing  between  the  two  lungs,  the  expired  air  from  the  better  lung  being  to 
some  extent  forced  into  the  collapsed  lung  and  breathed  back  again  on  inspira- 
tion. Of  course,  the  air  thus  passing  from  lung  to  lung  does  not  become  o.\ 
nated.  The  to-and-fro  movement  of  the  mediastinum  is  termed  "mediastinal 
fluttering." 

The  displacement  of  the  mediastinum  in  unilateral  pneumothorax  also 
hinders  respiration  mechanically,  for  the  mediastinal  pleura  on  the  unopened 
side  is  under  especial  tension  and  draws  upon  the  hilus  of  the  lung.  The  hi  his. 
however,  is  prevented  from  yielding  to  this  traction  by  the  pleural  duplicaturc 
known  as  the  pulmonary  ligament,  which  does  not  give  way.  The  large  blood- 
vessels which  accompany  the  air  tubes  may  also  share  in  obstructing  the 
bronchus  by  tugging  in  the  opposite  direction  from  that  toward  which  the 
mediastinum  is  drawn,  as  they  are  more  or  less  fixed  through  their  connection 
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with  the  aorta,  which  is  the  least  movable  of  the  mediastinal  structures.  There 
is,  therefore,  a  variable  degree  of  kinking  of  the  bronchus  caused  by  the  dis- 
placement of  the  mediastinum.  This  is  even  more  marked  on  the  left  side  than 
on  the  right,  as  the  left  bronchus  forms  a  less  obtuse  angle  with  the  trachea  than 
the  right  bronchus  and  the  arch  of  the  aorta  lies  directly  on  it.  This  is  prob- 
ably one  of  the  reasons  why  right  pneumothorax  is  more  dangerous  than  left, 
others  being  that  the  right  lung  is  larger  and  that  in  right  pneumothorax  the 
vena  cava  and  the  right  auricle  tend  particularly  to  collapse,  thus  rendering  the 
aspiration  of  venous  blood  into  the  heart  more  difficult. 

The  respiratory  difficulty  is  considerably  less  if  the  opening  through  which 
the  air  gains  access  to  the  pleural  cavity  is  small.  If  this  opening  is  smaller 
than  the  glottis,  the  air  can  more  easily  enter  the  lungs  than  the  pleura,  and 
the  lung  is,  therefore,  able  to  expand  to  some  extent.  Furthermore,  if  the 
mediastinum  is  fixed  by  pleural  thickening,  as  in  empyema,  the  respiratory 
distress  is  also  much  diminished. 

To  overcome  the  harmful  results  of  pneumothorax  there  are  various  methods  at 
our  disposal.  In  the  absence  of  various  apparatus,  to  be  mentioned  later,  for  accom- 
plishing dilatation  of  a  collapsed  lung,  traction  is  made  on  it  till  it  is  brought  in 
contact  with  the  thoracic  wall.  This  at  once  overcomes  the  dangerous  dyspnea,  a  result 
brought  about  by  steadying  the  mediastinum. 

It  makes  a  great  difference  whether  the  pneumothorax  is  produced  rapidly  or 
slowly.  In  the  latter  case  serious  symptoms  may  be  entirely  absent,  and  the  dis- 
turbance is  always  much  less  than  where  pneumothorax  is  brought  about  quickly.  The 
explanation  lies  in  the  fact  that  the  respiratory  movements  of  the  normal  lung  and 
the  alteration  in  the  pulmonary  circulation  have  time  to  adapt  themselves  to  the 
newly  established  conditions.  Moreover,  a  slowly  produced  pneumothorax  need  not 
necessarily  be  complete  but  may  be  partial. 

These  considerations  lead  us  to  take  cognizance  of  two  important  principles  in 
the  management  of  pneumothorax  occurring  in  the  absence  of  apparatus  for  expanding 
the  lungs.  1.  If  the  pleura  is  opened  accidentally  or  purposely,  the  air  should  be  al- 
lowed to  enter  slowly  by  promptly  pressing  gauze  against  the  wound.  Of  course,  if 
possible,  we  close  a  pleura  that  has  been  opened  accidentally.  2.  If  the  thorax  is 
opened  widely,  the  lung  should  at  once  be  seized  and  drawn  toward  the  chest  wall 
and  provisionally  fastened  there,  after  the  necessary  examination  and  palpation  of  the 
lung  has  been  made. 

If  a  wide  opening  of  the  pleura  is  necessary  in  cases  where  the  nature  of 
the  pulmonary  affection  has  been  definitely  determined  previously  and  an  in- 
cision, as  in  abscess,  is  indicated,  a  preliminary  pneumopexy  is  made,  before 
the  pleura  is  opened,  the  lung  being  stitched  to  the  pleura  at  some  distance  from 
the  periphery  of  the  diseased  area.  In  suturing  the  lung  to  the  parietal  pleura 
it  is  necessary  to  include  muscle  with  the  parietal  pleura  and  lung  tissue  with 
the  visceral  pleura. 

The  greatest  progress  in  overcoming  the  dangers  of  pneumothorax  was 
made  by  Sauerbruch,  who  instituted  the  method  of  opening  the  thorax  under 
diminished  pressure,  while  the  patient  was  breathing  air  under  normal  pres- 
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sure.  Braucr  later  accomplished  a  similar  result  l>\  inrn-a.-ini:  tin-  pressure  of 
the  inhaled  air.  Ho  placed  the  patient's  hrad  in  a  <-hainl><-r  in  which  the  air 
pressure  was  increased,  while  the  patient's  body  wa>  under  normal  pressure. 
The  first  of  these  methods  is  known  as  operating  und<-r  negative  pressure,  tin- 
second,  operating  under  positive  pressure. 

Both  are  included  under  the  term  "differential  pressure."  There  is  still  another 
method  of  supplying  air  to  the  lungs  when  the  thorax  is  open,  namely  that  of  intra- 
tracheal  insufflation  (Meltzer-Auer),  by  which  the  anesthetic  or  air  is  conveyed  into 
the  trachea  by  means  of  a  cntlu  trr  introduced  through  the  larynx.  For  a  description 
of  these  the  reader  is  referred  to  the  chapter  on  Am-thr-ia.  The  last  of  th<--«-  methods, 
that  of  intratracheal  insufflation,  is  the  favorite  in  this  country.  In  ojMTation.s  for  rxu- 
dates  in  the  pericardium  and  mediastinum,  the  negative  pressure  method  is  especially 
indicated.  The  method  of  positive  pressure  has  also  been  modified  in  a  variety  of  ways 
by  applying  it  through  the  medium  of  a  well-fitting  mask  attached  firmly  to  the  face 
(Tiegel  and  others).  In  this  manner,  Sauerbruch  and  those  who  followed  in  his  foot- 
steps have  shown  the  way  to  overcome  one  of  the  greatest  dangers  of  intrathoracic 
surgery. 

PBEPARATION  OF  PATIENT. — The  preparation  of  a  patient  for  an  intra- 
thoracic operation,  while  not  essentially  different  from  that  in  other  major 
operations,  requires  special  attention  to  certain  details.  The  examination  of 
the  heart  function  is  important.  Chronic  myocarditis  is  especially  dangerous; 
arteriosclerosis  of  the  peripheral  vessels  less  so.  Cardiac  insufficiency  requires 
the  exhibition  of  digitalis  for  a  few  days  before  operation.  Anemia  calls  for 
iron  and  quinin.  Even  slight  catarrhal  affections  of  the  lungs  require  careful 
pre-operative  treatment,  such  as  moist  packs  and  expectorants,  possibly  in  com- 
bination with  cardiants.  Inhalations  are  efficacious  in  facilitating  expectora- 
tion. Existing  nose  and  throat  affections  should  receive  appropriate  treatment 
ANESTHESIA. — Local  anesthesia  may  be  employed  in  extrapleural  opera- 
tions. It  is  preferable,  also,  in  cases  of  abscess  or  gangrene  of  the  lung  if 
pleural  adhesions  exist  or  have  been  artificially  produced.  The  lung  tissue 
itself  is  not  sensitive  to  pain.  Narcosis  in  these  cases  favors  aspiration  pneu- 
monia. Intrathoracic  operations,  however,  with  free  opening  of  the  pleura, 
require  general  anesthesia.  Irritation  of  the  vagus  is  much  more  dangerous 
in  the  conscious  state  than  under  narcosis.  Under  differential  ]»n-s>ure  the 
patient  requires  very  little  anesthetic.  A  preliminary  morphin  injection  should 
be  given,  and  its  administration  should  also  be  continued  for  a  few  days  after 
operation. 

TECHNIC. — As  regards  the  technic  itself  the  following  may  be  said:  Most 
intrathoracic  operations  are  begun  with  an  intercostal  incision.  Differential 
pressure  is  not  needed  in  dividing  the  skin  and  muscles.  To  divide  the  pleura 
it  is  desirable  that  a  moderate  degree  only  of  intrapulmonary  pressure  be 
employed,  so  that  the  lung  may  collapse  to  an  extent  to  nvede  from  the  knife 
and  escape  injury.  Moreover,  the  knife  must  be  handled  with  proper  caution  to 
avoid  sudden  entrance  into  the  lung,  as  the  pleura  is  divided.  Then  a  rib 
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spreader  is  introduced  (Mikulicz's,  Sauerbruch's,  or  Torek's,  or  a  strong,  self- 
retaining  abdominal  retractor).  When  the  thorax  has  been  widely  opened,  an 
examination  is  made,  first  by  inspection,  then  by  palpation  with  the  whole 
hand  in  the  pleural  cavity.  The  surface  of  the  lung  can  be  best  examined  for 
injuries  or  tumors  if  it  is  fairly  well  expanded ;  but  for  operating  on  the  lung 
a  moderate  degree  of  collapse  is  more  favorable.  A  minimum  of  inflation  is 
desirable  in  operating  on  the  esophagus  and  the  large  vessels,  otherwise  the  lung 
is  in  the  surgeon's  way.  If  the  patient's  breathing  is  unsatisfactory,  the  lungs 
may  be  alternately  inflated  and  allowed  to  collapse,  producing  artificial  respira- 
tion. 

To  close  the  thoracic  cavity,  the  2   adjacent  ribs   are  approximated  by 


FIG.  9. — PERICOSTAL  SUTURE.     Strong  silk  is  used. 

sutures  of  strong  silk.  This  is  done  either  by  carrying  them  around  the  ribs — 
pericostal  suture  (Fig.  9) — or  through  holes  punched  in  the  ribs  with  Fried- 
rich's  rib  punch — percostal  suture.  On  tying  the  sutures,  the  lung  should  be 
completely  expanded,  so  as  to  come  in  contact  with  the  parietal  pleura.  The 
soft  parts  are  then  closed  air-tight. 

Drainage  is  to  be  avoided  whenever  possible.  It  should  be  employed  only 
if  the  pleura  has  been  infected  or  we  have  good  reason  to  believe  that  it  will  be. 
If  there  is  any  doubt,  the  pleura  should  be  closed  at  the  end  of  the  operation  and 
drained  later,  if  necessity  arises.  If  we  do  drain,  gauze  is  preferred.  The 
skin  around  the  drained  wound  is  covered  with  zinc-oxid  ointment,  and  a  rub- 
ber dam  is  placed  over  the  dressing  to  render  it  air-tight.  Or  the  gauze  drain 
may  be  made  to  pass  out  through  an  oblique  canal,  the  opening  through  which 
it  emerges  from  the  skin  being  placed  a  hand's  breadth  away  from  the  opening 
at  which  it  leaves  the  thoracic  cavity.  Between  these  2  openings  a  canal  is 
made  by  undermining  the  skin  and  muscles. 

Indications  for  Intrathoracic   Resection  of  the  Esophagus. — Carcinoma  of 
the  esophagus  without  metastases  is  the  indication  for  intrathoracic  resection. 
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The  abdominal  organs,  especially  the  liver,  stomach,  and  rctroperitoneal  lym- 
phatic nodes,  are  searched  for  the  presence  of  metastatic  carcinoma  at  the  time 
when  the  preliminary  gastrostomy  is  done.  If  metastases  are  present,  the  in 
trathoracic  operation  is  not  to  bo  considered.  In  the  absence  of  metastases  the 
operation  is  to  bo  undertaken,  unless  the  patient  c.-ntinnes  to  decline  after  the 
gastrostomy.  An  extension  of  the  carcinoma  upon  the  neiirhljoring  organs, 
aorta,  bronchi,  lungs,  etc.,  may  render  the  operation  impossible.  This  question, 
however,  will,  as  a  rule,  not  he  decided  until  the  thorax  has  been  opened. 

Anatomical  Points. —  IJesides  the  anatomical  points  mentioned  under  Intro- 
duction of  Sounds,  the  following  should  he  noted:     In  the  upper  part  of  the 
thorax  the  esophagus  lies  behind  the  trachea,  about  in  tho  median  lin- 
the  bifurcation  of  the  trachea  tho  arch  of  the  aorta  <•  n   front  of  it  and 

the  trachea.  At  the  bifurcation  the  esophagus  lies  mostly  behind  the  left 
bronchus,  the  rings  of  which  are  incomplete  where  it  rests  a^ain-t  the  esophagus. 
At  this  part  of  its  course  the  aorta  begins  to  insinuate  itself  behind  the  esoph- 
agus, lying  now  behind  but  more  to  the  left  of  tho  esophagus.  Below  this 
point  the  posterior  wall  of  the  pericardium  lies  in  front  of  it.  In  the  lower 
part  of  the  thoracic  cavity  the  esophagus  deviates  decidedly  to  the  left  of  the 
median  line  and  crosses  in  front  of  the  aorta.  The  thoracic  duct  lies  behind  the 
esophagus  in  the  upper  part  of  the  thoracic  cavity ;  lower  down,  where  the  aorta 
pushes  the  esophagus  forward,  the  thoracic  duct  lies  behind  the  aorta. 

The  relation  of  the  pneumogastric  nerves  to  the  esophagus  is  important.  It 
interests  us  more  particularly  from  the  arch  of  tho  aorta  downward,  as  the 
nerves  here  are  much  closer  to  the  esophagus  than  they  are  farther  up  in  the 
thorax.  The  left  vagus  lies  on  the  left  and  anterior  wall  of  the  esophagus ;  the 
right  nerve  lies  more  posteriorly.  As  a  rule,  in  the  lower  half  of  its  intra- 
thoracic  course  the  pneumogastric  nerve  ceases  to  be  a  single  nerve  and  divides 
into  a  number  of  anastomosing  nerves  forming  the  anterior  and  posterior  eso- 
phageal  plexuses. 

Instruments  Used. — Besides  the  usual  instruments,  a  number  of  long  in- 
struments are  requisite  for  that  part  of  the  operation  which  is  done  in  the 
depth.  The  following  are  suggested :  A  long,  curved  dressing  forceps ;  a  num- 
ber of  long,  curved  artery  clamps;  Foerster's  sponge  holders;  Kocher's  blunt 
dissector  (goiter  sound)  ;  long,  curved  Mayo's  dissecting  scissors;  2  long  ana- 
tomical forceps;  2  long  surgical  forceps;  a  crushing  forceps;  rib  shears;  and 
Sauerbruch's  lung  retractors.  For  holding  the  ribs  apart  a  number  of  rib 
spreaders  are  in  use.  I  have  had  much  better  satisfaction  with  an  instrument 
that  was  not  designed  for  the  purpose,  viz.,  Balfour's  abdominal  retractor. 
This  consists  of  2  parts,  the  main  part  being  the  spreader.  I  have  adapted 
this  for  this  purpose  by  remodeling  it  so  as  to  spread  5  cm.  (2  in.)  farther 
(Fig.  10).  For  suturing  in  the  depth,  a  long,  slender  needle  holder  is  of  ad- 
vantage. One  model,  which  is  not  only  long  and  exceedingly  slender,  but  also 
very  light  though  strong,  is  represented  in  Figure  11.  The  needle  can  be  held 
in  it  at  any  desired  angle.  It  has,  however,  no  catch  to  lock  its  2  arms  to- 
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gether  and  will,  therefore,  not  appeal  to  those  who  are  dependent  upon  that 
device. 

Technic  of  Operation. — The  first  successful  resection  of  the  esophagus  for 
carcinoma  of  its  thoracic  portion  was  performed  by  Torek  on  March  14, 
1913,  and  at  the  present  writing,  18  months  after  the  operation,  the  patient  is 
alive  and  well.  The  carcinoma  was  situated  in  the  middle  portion  of  the  esoph- 
agus, that  part  which  had  hitherto  been  considered  to  be  the  least  favorable 
for  operation.  At  that  site,  however,  carcinomata  occur  more  frequently  than 

at  other  parts  of  the  esophagus  and 
are  less  liable  to  early  metastases 
than  those  at  the  lower  end.  They 
therefore  deserve  the  surgeon's  par- 
ticular attention.  The  diagnosis  as 
to  presence,  localization,  and  charac- 
ter of  the  tumor  is  made  with  the  aid 
of  sounds,  X-ray  examination,  and 
esophagoscopy,  described  in  other 
chapters. 

The  operation  is  performed  in  2 
stages:  In  the  first  stage  gastros- 
tomy  by  Witzel's  or  Kader's  method 

FIG.    10.— TOREK' s     RIB     SPREADER     MODELED        is   performed    (see   chapter   on    Stom- 
AFTER     BALFOUR'S     ABDOMINAL    RETRACTOR.  ,  N      .        ,  , 

Used  for  spreading  the  ribs.  ach)  ;  in  the  second  stage  the  esopha- 

gus is  resected.    At  the  first  stage  the 

abdominal  cavity  is  carefully  examined  for  metastases  in  the  liver,  retroperi- 
toneal  glands,  stomach,  etc.  In  the  presence  of  such  metastases,  gastrostomy 
only  is  performed,  the  case  not  being  suited  for  resection  of  the  esophagus.  In 
the  second  stage,  the  resection  of  the  esophagus,  the  important  principle  is  to 
avoid  leaving  anything  in  the  mediastinum  and  pleural  cavity  that  may  become 


Fio.  11. — TOREK'S  NEEDLE  HOLDER. 


a  source  of  infection,  such  as  an  insecure  gastro-esophageal  anastomosis  or  a 
closed  oral  esophageal  stump,  the  stitches  of  which  may  give  way.  To  avoid 
these  sources  of  infection,  the  esophagus,  or  at  least  its  proximal  portion,  is 
removed  from  the  thorax  altogether.  Furthermore,  in  order  to  be  able  to  per- 
form the  necessary  dissection  neatly  and  without  injury  to  important  structures,. 
liberal  access  is  necessary.  This  is  obtained  by  cutting  through  the  entire 
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length  of  the  seventh  left  intercostal  space  and  posteriorly  extending  the  incision 
upward  through  the  seventh,  sixth,  fifth,  and  fourth  ribs  Ky  rutting  tin 
them  between  their  angles  and  tubercles.  This  im-i-inn  »ives  excellent  exposure. 

The  preparation  of  the  patient  is  similar  tn  tliat  d«-rribod  under  CJeneral 
Remarks  on  Intrathoracic  Operations  (page  507).  The  operative  procedure  is 
as  follows:  The  patient  lies  on  his  ritrht  side,  with  hi-  left  arm  up  and  well 
forward,  so  that  the  scapula  is  out 
of  the  way  of  the  line  of  incision. 
An  incision  corresponding  to  the 
entire  length  of  the  seventh  inter- 
costal space  is  made  through  skin 
and  muscles  down  to  the  pleura  but 
not  through  it;  for  it  is  desirable 
that  the  pleural  cavity  does  not  re- 
main open  for  an  unnecessarily  long 
time  and  that  the  hemorrhage  from 
the  external  wound  is  attended  to 
before  the  pleura  is  opened.  From 
the  posterior  end  of  the  seventh  in- 
tercostal space,  between  the  angle 
and  the  tubercle  of  the  rib,  the  in- 
cision is  carried  upward  to  the  third 
intercostal  space  (Fig.  12).  Skin 
and  muscles  are  divided,  exposing 
the  fourth,  fifth,  sixth,  and  seventh 
ribs.  As  it  is  of  the  greatest  im- 
portance to  preserve  the  asepsis  of 
the  pleural  cavity,  and  as  the  wound 
is  so  large  that  the  possibility  of 
infection  from  the  surrounding 
parts  is  greater  than  in  an  ordinary 

wound,  the  wound  is  isolated  by  fastening  towels  to  the  edges  of  the  in- 
cision with  the  aid  of  skin  clasps.  To  insure  complete  hemostasis  it  will  be 
found  necessary  to  clamp  and  tie  a  great  many  vessels.  This  first  step  of  the 
operation  may  be  performed  under  general  or  local  anesthesia.  I  prefer  the 
latter,  using  a  V>  per  cent,  solution  of  novocain  with  suprarenin.  Then,  while 
the  vessels  are  being-  ligated,  general  anesthesia  is  induced.  As  soon  as  the 
patient  is  under  the  influence  of  the  anesthetic  the  larynx  is  intubated  for 
intratracheal  insufflation  anesthesia  (see  Vol.  I,  Chap.  III).  In  this  way  the 
time  during  which  the  patient  is  under  general  anesthesia  is  shortened. 

Anesthesia  is  now  continued  by  intratracheal  insufflation,  and  the  pleura 
•may  be  opened  without  the  fear  of  dangerous  collapse  of  the  lung.  The  pleura 
is  divided  the  entire  length  of  the  seventh  intercostal  space,  and  an  examination 
is  made  to  determine  the  operability  of  the  tumor.  If  we  decide  to  proceed,  we 
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FIG.  12. — TOREK'S  CASE  OF  RESECTION  OF  Eaora- 
AGUS,  SHOWING  SKIN  INCISION.  Anterior  end 
of  incision  seen  in  Figure  15. 
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now  complete  the  posterior,  vertical  part  of  the  incision,  which  requires  the 
division  of  the  seventh,  sixth,  fifth,  and  fourth  ribs  between  their  angles  and 
tubercles,  the  intercostal  muscles,  the  intercostal  vessels,  which  must  be  caught 
and  tied,  and  the  intercostal  nerves.  The  rib  spreader  (Fig.  10)  is  now  placed 
between  the  seventh  and  eighth  ribs,  with  the  handle  directed  downward  and 
forward  and  spread  as  far  as  necessary.  Its  full  spread,  17  cm.  (6%  in.), 
will  be  required  only  in  very  large  chests. 

We  now  have  a  thorough  view  of  the  whole  left  pleural  cavity,  and  if  at 
the  preceding  examination  there  still  existed  a  doubt  as  to  the  operability  of 
the  tumor,  this  question  is  definitely  settled  at  this  time.  If  the  tumor  has 
already  involved  any  of  the  neighboring  organs — aorta,  bronchi,  lungs,  thoracic 
wall — its  removal  is  not  advisable,  unless  the  extent  of  that  involvement  is  so 
limited  that  it  can  also  be  removed.  If,  in  tumors  of  the  upper  half  of  the 
thoracic  esophagus,  we  can  determine  that  both  vagi  are  involved,  this  is  also 
a  contra-indication  against  operating,  as  the  innervation  of  the  heart  might  be 
endangered.  In  tumors  lower  down  a  resection  might  be  attempted,  even  if 
both  vagi  are  involved. 

First  we  proceed  to  free  the  lung  thoroughly  of  all  adhesions.  This  must 
be  done  with  the  utmost  care  to  prevent  tearing  or  cutting  the  lung.  The  lung 
is  then  laid  over  toward  the  front  part  of  the  mediastinum  and  is  kept  only 
partially  inflated.  A  full  inflation  is  unnecessary  and  interferes  with  the  sur- 
geon's work.  The  use  of  lung  retractors  is,  as  a  rule,  not  recommended.  The 
less  the  organs  are  handled,  the  better.  If  the  lung  is  inflated  to  such  a  degree 
as  to  render  a  retractor  necessary,  then  its  use  is  dangerous ;  if  to  the  pressure 
within  the  lung  a  pressure  from  without  is  superadded,  rupture  may  result, 
causing  the  dreaded  postoperative  pneumothorax.  However,  if  the  opposite 
pleura  is  opened  in  the  course  of  the  operation,  a  more  energetic  inflation  of 
the  lungs  is  required,  as  we  cannot  permit  both  lungs  to  collapse.  Lung  re- 
tractors are  then  needed. 

As  we  stand  facing  the  head  of  the  patient,  who  is  lying  on  his  right  side, 
we  see  as  prominent  features  in  the  lower  part  of  the  thoracic  cavity  the  aorta 
to  our  right  and  the  pericardium  to  our  left,  the  esophagus  lying  between  them. 
(It  will  be  remembered  that  in  this  region  the  aorta  lies  behind  the  esophagus 
and  the  pericardium  in  front  of  it.)  The  esophagus  is  seen  only  as  a  slight 
bulging  of  the  parietal  pleura  to  the  side  of  the  aorta.  The  pleura  and  connec- 
tive tissue  covering  the  esophagus  are  now  divided  at  some  portion  where  it  is 
not  involved,  and  the  esophagus  is  lifted  out  of  its  bed.  A  tape  or  strip  of 
gauze  is  drawn  through  underneath  it  (Fig.  13).  This  serves  as  a  handle  to 
draw  the  esophagus  forward  or  to  the  side,  while  the  dissection  proceeds. 

The  esophagus  is  liberated  from  the  surrounding  structures  all  the  way  up 
to  the  upper  thoracic  aperture  and  all  the  way  down  to  the  diaphragm,  except 
in  cases  where  the  tumor  is  situated  rather  high  up,  when  the  diaphragmatic 
end  need  not  be  liberated.  To  determine -the  extent  of  the  *  dissection  at  the 
diaphragmatic  end,  we  decide  at  what  place  below  the  tumor  the  esophagus 
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is  to  be  divided,  and  allow  about  3  cm.  (1%  in.)  more  for  in va-i nation  of  the 
lower  stump.  The  dissection  is  best  done  with  the  aid  of  a  blunt  instrument 
like  Kocher's  goiter  sound,  which  is  inserted  between  the  esophagus  and  the 
tissues  lying  over  it.  The  fact  that  some  vagus  branches  crossing  the  esophagus 
must  be  divided  in 
the  course  of  this 
procedure  need  not 
deter  the  siirgeon. 
The  main  vagus 
cords  will  be  seen  as 
described  under  An- 
atomical Points. 
Their  liberation 
from  the  esophagus 
is  accomplished  pref- 
erably, not  by  pick- 
ing them  up  with 
forceps  and  dissect- 
ing them  out  with 
scissors  or  knife,  as 
one  would  do  in  the 
dissecting  room,  but 
by  keeping  close  to 
the  esophagus  and 
leaving  the  vagi  in 
their  places.  An  an- 
atomical dissection 
of  the  vagi  becomes 
necessary  when  they 
are  firmly  bound 
down  to  the  tumor. 
In  that  case,  the  one 
that  is  less  firmly 

attached  is  loosened ;  the  other  one  may  be  cut.  In  a  general  way,  the  less  they 
are  handled,  the  better.  Sudden  and  irreparable  collapse  has  resulted  from 
pinching  them  or  tugging  at  them. 

The  dissection  of  that  part  of  the  esophagus  which  crosses  under  the  arch 
of  the  aorta  is  not  easy.  It  is  done  by  blunt  dissection  with  the  finger  intro- 
duced under  the  arch  of  the  aorta  and  loosening  the  esophagus  from  it  and  the 
left  bronchus,  as  well  as  from  its  posterior  attachments.  Durinir  this  part  of 
the  dissection  one  must  be  careful  not  to  tug  hard  on  the  aorta.  The  right  heart 
is  already  working  at  a  disadvantage,  as  the  partly  collapsed  lung  offers  more 
resistance  to  it  than  a  well-inflated  lung;  add  to  this  an  obstruction  to  the  func- 
tion of  the  left  heart  by  pressure  on  the  aorta,  constricting  its  lumen,  and  a 
34  B 


Fio.  13. — THORAX  OPENED  BY  TOREK'S  INCISION.  A  portion  of  the 
esophagus  below  the  tumor  has  been  exposed  by  incision  of  the  med- 
iastinal  pleura  and  connective  tissue,  liberated  from  the  surrounding 
tissues,  and  drawn  out  of  its  bed  with  the  aid  of  a  tape  passed 
under  the  liberated  portion.  The  tape  serves  to  steady  the  esoph- 
agus during  further  dissection. 
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cardiac  collapse  is  apt  soon  to  manifest  itself.  If  the  tumor  itself  is  situated 
in  the  neighborhood  of  the  aortic  arch,  as  in  my  above  mentioned  case,  the  diffi- 
culty of  liberating  the  esophagus  becomes  very  great.  I  overcame  this  difficulty 
by  ligating  and  dividing  a  number  of  the  thoracic  branches  of  the  aorta  and 
lifting  that  vessel  forward.  Here  again,  in  retract \i\>j  the  aorta,  one  must  bo 
careful  not  to  kink  it,  as  the  cardiac  action  will  suffer  in  consequence.  The  dis- 
lodgment  of  the  aorta  is  of  great  value  in  liberating  the  esophagus;  but  in 
simpler  cases,  where  the  tumor  did  not  lie  near  the  arch,  I  found  this  procedure 
unnecessary.  Above  the  arch  a  tape  is  again  carried  around  the  esophagus  to 
serve  as  a  handle  for  further  upward  dissection.  When  the  upper  thoracic 
aperture  is  reached,  a  finger  is  carried  through  it  into  the  neck  to  the  anterior 
border  of  the  sternocleidornastoid  muscle.  Here,  under  its  guidance,  an  in- 
cision is  made  through  which  the  esophagus  is  afterward  to  be  brought  out ;  for 
the  time  being,  a  stout  silk  thread  is  carried  into  the  pleural  cavity  through  this 
wound,  one  end  being  left  outside,  to  serve  for  pulling  out  the  esophagus. 

Before  proceeding  to  divide  the  esophagus,  the  surrounding  parts  are  well 
protected  by  gauze  pads.  The  esophagus  is  tied  off  with  a  strong  silk  ligature 
at  a  safe  distance  below  the  tumor,  and  a  second  ligature  is  applied  a  sufficient 
distance  below  the  first  to  enable  one  to  cut  the  esophagus  between  them  with- 
out danger  of  the  ligatures  slipping  off  (Fig.  14,  A).  As  the  lower  one  of  these 
ligatures  is  afterward  to  be  invaginated  into  the  lumen  of  the  esophagus,  catgut 
is  used,  and  the  site  where  it  is  to  be  applied  is  first  crushed  to  reduce  the  mass 
held  in  the  ligature.  To  facilitate  imagination,  furthermore,  a  thinner  liga- 
ture than  for  the  upper  ligation  is  selected.  Before  dividing  the  esophagus,  a 
purse-string  silk  suture  is  inserted  1  or  2  cm.  (about  !/2  in.)  below  the  lower 
ligation.  If  the  site  of  the  carcinoma  is  so  low  that  there  is  not  sufficient  room 
to  insert  the  invagination  sutures  beneath  the  site  selected  for  ablation  of  the 
esophagus,  the  stomach  must  be  brought  up  into  the  thoracic  cavity  far  enough 
to  afford  the  necessary  space  for  putting  in  the  sutures.  This  is  done  by  split- 
ting the  diaphragm  and  peritoneum  in  front  of  the  hiatus,  with  careful  ligation 
of  vessels,  sufficiently  far  forward  to  permit  the  upward  dislodgment  of  as 
much  stomach  as  necessary.  The  left  gastric  artery  is  divided  if  it  interferes 
with  drawing  the  stomach  upward.  Without  dividing  the  diaphragm,  the 
esophagus  may  be  drawn  up  into  the  thorax  for  1  or  2  cm.  (about  *  •»  in.)  after 
it  has  been  loosened  at  the  hiatus.  The  esophagus  is  now  divided  between  the 
2  ligatures,  and  the  mucosa  of  the  upper  stump  is  cauterized  with  a  Paquelin 
cautery  or  with  carbolic  acid.  If  the  crushing  of  the  lower  stump  has  been 
extensive  enough,  there  will  be  no  mucosa  in  it;  if  any  remain,  it  is  trimmed 
off  or  cauterized.  The  lower  stump  is  now  invaginated  and  secured  by  the 
purse-string  suture  previously  introduced;  and,  if  possible,  a  second  purse- 
string  suture  invaginates  the  stump  still  further.  If  the  diaphragm  had  been 
divided,  it  is  now  accurately  sutured.  The  upper  stump  is  pushed  through  the 
channel  beneath  the  arch  of  the  aorta,  and  the  ligature  at  its  end  is  tied  to  the 
silk  thread  which  had  been  introduced  into  the  pleura  through  the  neck  in- 


510 


THOEACIC    SURGERY 


cision.  The  esophagus,  with  the  tumor  attached,  is  now  drawn  out  through  the 
neck  wound  (Fig.  14,  B).  There  it  is  allowed  to  remain  for  the  present, 
wrapped  in  gauze. 

We  next  proceed  to  close  the  chest.  A  few  sutures  of  strong  silk  are  placed 
to  hold  the  seventh  and  eighth  ribs  in  apposition.  These  sutures  are  carried 
around  the  2  ribs — pericostal  suture  (compare  Fig.  9) — or  they  may  be  carried 
through  the  ribs  after  punching  holes  in  them.  No  attempt  is  made  to  reunite 
the  ends  of  the  cut  ribs ;  they  fall  in  line  of  themselves.  The  muscles  are  united 
in  layers  by  catgut  sutures.  Before  making  the  suture  air-tight,  the  lung  is 
thoroughly  inflated  to  bring  its  surface  in  contact  with  the  parietal  pleura. 
There  exists  in  the  minds  of  many  surgeons  a  great  fear  lest  some  air  be  allowed 

to  remain  in  the  pleural  cavity,  as 
evidenced  by  numerous  articles  that 
have  been  written  to  set  forth  the 
difficulty  of  completely  doing  away 
with  the  pneumothorax.  I  am  con- 
vinced that  a  small  amount  of  air 
left  in  the  pleural  cavity  is  entirely 
harmless.  The  experiments  of  pro- 
ducing artificial  pneumothorax  as  a 
method  of  treating  tuberculosis  of 
the  lungs  have  furthermore  shown 
that  air  introduced  into  the  pleural 
cavity  is  very  rapidly  absorbed.  The 
suture  of  the  skin  completes  the 
closure  of  the  thoracic  wound. 

We  now  again  turn  our  attention 
to  the  esophagus,  which,  with  the 
tumor  at  its  end,  hangs  out  from  the 
neck.  We  hold  it  down  over  the 
front  of  the  chest,  estimate  where  it 
is  to  be  amputated,  and  make  a 
transverse  incision  through  the  skin 
at  the  site  corresponding  to  this  point 
(Fig.  14,  B).  Then  the  skin  between  the  neck  wound  and  the  new  incision  on 
the  chest  is  undermined  with  a  blunt  instrument,  and  the  esophagus,  still  un- 
opened, with  the  tumor  attached,  is  drawn  through  this  tunnel  and  out  through 
the  new  wound.  The  incision  in  the  neck  is  closed,  the  tumor  amputated,  and 
the  free  end  of  the  esophagus  sutured  to  the  skin  by  a  few  interrupted  stitches. 
The  most  comfortable  position  for  the  patient  after  operation  is  partly  on 
the  right  side  and  partly  on  the  back.  Morphin  is  given  for  a  few  days,  and 
stimulation  is  administered  according  to  the  usual  indications.  Camphor, 
caffein,  digalen,  and  strophanthus  are  given  for  acute  cardiac  weakness. 
Nourishment  is  given  through  the  gastrostomy  tube.  After  the  free  end  of  the 


FIG.  15. — RESECTION  OF  ESOPHAGUS  FOR  CAR- 
CINOMA. The  gastrostomy  tube  is  introduced 
into  the  stump  of  the  esophagus  in  the  upper 
part  of  the  chest  for  purposes  of  feeding. 
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e>opluii:us  has  thoroughly  healed  to  the  >kin,  the  upper  end  of  the  gastrostomy 
tube  is  inserted  into  it,  when  the  patient  wishes  to  take  nourishment   (Fig.  15). 

1  hiring  the  act  of  swallowing  a  little  pressure  is  brought  to  bear  on  the  skin  at 
one  side  of  the  tnhe  to  prevent  leakage.     A   fairly  lar^e  tube  U  -ele.-ted.     The 
swallowed  food  passes  from  the  esophagus  into  the  rubber  tube  and  thence  into 
the  stomach. 

Operation  for  Carcinoma  of  the  Abdominal  Portion  of  the  Esophagus. — In  car- 
cinoma of  this  portion,  which  usually  also  involves  the  cardiac  end  of  the 
stomach,  I  recommend  operating  in  3  stages:  1.  Gastrostomy.  2.  Thoracot- 
omy,  as  described  above  for  carcinoma  of  the  thoracic  <*SMphaL'u>.  At'ter  di- 
vision of  the  esophagus  in  its  lower  part,  the  upper  end  is  brought  out  at  the 
neck,  as  described  above,  and  the  lower  end  is  invaginated  and  placed  beneath 
the  diaphragm  which  is  closed  by  suture.  3.  An  abdominal  operation  to  resect 
the  tumor.  Incision  is  made  from  the  ensiform  cartilage  along  the  entire 
length  of  the  left  costal  arch,  thoroughly  dividing  the  abdominal  muscles,  par- 
ticularly at  the  posterior  end,  so  that  the  costal  arch  can  be  well  raised.  At  the 
esophageal  hiatus  of  the  diaphragm  the  peritoneum  is  divided  and  the  stump 
of  the  esophagus  is  brought  down.  Then  the  tumor  is  resected,  removing  as 
much  of  the  stomach  as  is  indicated. 

Other  Methods  of  Resecting  the  Esophagus. — Zaaijer  was  the  first  to  operate 
successfully  in  a  case  of  carcinoma  of  the  cardia  by  the  transpleural  route.  In 
his  case  the  esophageal  bougie  was  halted  at  45  cm.  (18  in.)  from  the  incisors, 
an  exceptionally  long  distance.  He  operated  in  3  stages.  1.  Gastrostomy  at 
the  pyloric  portion,  Kader's  method.  2.  Extensive  rib  resection  in  order  to 
cause  collapse  of  the  thorax  and  thereby  to  bring  the  lower  portion  of  the 
esophagus  and  cardia  nearer  to  the  surface  of  the  body,  thus  reducing  consid- 
erably the  depth  at  which  the  main  operation  is  performed.  The  lowest  7  ribs 
of  the  left  side  are  resected  in  almost  their  entire  length  through  2  parallel 
incisions  about  25  cm.  (10  in.)  long;  the  superficial  musculature  is  extirpated; 
the  skin  sutured.  Zaaijer's  patient  had  considerable  dyspnea  the  first  2  days 
following  operation.  He  believes  this  due  to  mediastinal  fluttering  caused  by 
the  great  mobility  of  the  thorax,  and  he  therefore  recommends  leaving  the 
twelfth  rib  or  at  least  not  removing  it  at  the  same  sitting.  3.  Resection  of  the 
tumor  by  laparothoracotomy.  The  skin  incision  is  made  in  the  left  hypo- 
chondrium  about  in  the  mammillary  line,  thence  in  a  curvilinear  direction 
backward  to  the  posterior  axillary  line,  thence  upward  a  little  higher  than  the 
angle  of  the  scapula.  Peritoneum  and  pleura  are  opened.  The  diaphragm  is 
divided  from  below  upward  to  the  hiatus.  Esophagus  and  stomach  are  made 
movable;  the  lesser  omentum  is  divided.  The  stomach  is  then  divided  between 

2  clamps,  and  the  lower  end  is  sutured.     The  esophagus  is  drawn  to  the  skin 
in  the  neighborhood  of  the  posterior  axillary  line  and  sutured  there.     The  end 
of  the  esophagus  and  the  gastric  fistula  are  connected  by  a  rubber  tube.     Ac- 
cording to  Zaaijer,  the  operation  is  limited  to  carcinoma  of  the  cardia  and  of 
the  very  lowest  portion  of  the  esophagus. 


518  THOKACIC    SUBGEKY 

The  remaining  methods  will  be  mentioned  only  in  outline,  as  they  have 
thus  far  all  resulted  in  failure.  Sauerbruch's  imagination  method  in  carcinoma 
of  the  cardia  is  performed  in  2  stages.  At  the  first  stage  the  pleura  is  opened 
through  an  intercostal  incision,  the  esophagus  is  isolated,  the  diaphragm  in- 
cised, the  stomach  drawn  up  3  to  5  cm.  (1  or  2  in.),  and  the  esophagus  with 
its  tumor  is  invaginated  into  the  stomach,  which  is  sutured  circularly  to  the 
esophagus.  Accurate  suture  of  the  diaphragm  is  made.  The  second  stage,  per- 
formed 10  to  14  days  later,  consists  in  a  gastrotomy,  seizure  of  the  invaginated 
portion  between  2  fingers  introduced  into  the  stomach,  and  its  removal  with  long 
curved  scissors.  Bleeding  is  to  be  controlled  by  compression.  This  method 
could  be  employed  only  in  cases  of  very  limited  invasion  of  the  cardia,  and,  as 
the  operator  has  to  work  while  groping  in  the  dark,  it  will  scarcely  appeal  to 
those  surgeons  who  appreciate  the  desirability  of  careful  dissection  under  the 
guidance  of  the  eye  in  cancer  surgery. 

For  somewhat  larger  carcinomata  of  the  cardia  Sauerbruch  recommends 
intrathoracic  resection  of  the  tumor  and  anastomosis  of  the  esophagus  and 
stomach  by  means  of  a  button,  Payr's  or  Tiegel's  button  being  preferred. 
Tiegel's  is  a  modified  Murphy  button  consisting  of  2  parts,  while  Payr's  is  a 
single  button,  or  rather  short  tube,  the  outer  surface  of  which  presents  3  trans- 
verse circular  elevations,  between  which  there  are  2  circular  transverse  depres- 
sions. These  latter  serve  to  give  a  hold  to  purse-string  sutures  placed  in  the 
organs  to  be  anastomosed.  The  procedure  in  the  case  of  the  Payr  button  is  as 
follows :  Through  an  incision  in  the  seventh  intercostal  space,  the  tumor  and 
the  adjoining  part  of  the  esophagus  are  isolated,  the  diaphragm  is  incised  in  its 
aponeurotic  portion,  and  the  upper  part  of  the  stomach  is  drawn  into  the 
thoracic  cavity.  Above  the  tumor  the  esophagus  is  tied  over  the  lower  furrow  of 
a  Payr's  button  previously  introduced  through  the  mouth,  then  the  esophagus 
is  divided  below  the  button  (Fig.  16,  A).  The  tumor  is  resected,  and  the  upper 
part  of  the  stomach,  from  which  it  was  removed,  is  sutured  in  2  layers.  A 
slit  is  made  into  the  fundus  of  the  stomach,  a  purse-string  suture  having  been 
previously  placed  around  this  slit  (Fig.  16,  B).  The  divided  esophagus  with 
the  button  is  now  inserted  into  the  slit,  and  the  purse-string  suture  is  tied  over 
the  lower  furrow  of  the  button,  the  same  furrow  on  which  the  esophagus  had 
been  tied.  A  second  purse-string  suture  is  laid  in  the  stomach  and  tied  around 
the  esophagus  at  the  site  of  the  upper  furrow  in  the  button  (Fig.  16,  B  and  C). 
The  communication  between  the  abdominal  and  thoracic  cavities  is  closed 
by  stitching  the  diaphragm  to  the  stomach,  part  of  which  remains  in  the 
pleura. 

This  method  of  anastomosis,  it  appears,  has  some  elements  of  danger.  If 
the  esophagus  is  tied  on  the  button  firmly  enough  to  prevent  it  from  slipping, 
there  will  almost  certainly  result  necrosis  of  that  portion  of  the  esophagus  distal 
to  the  ligature.  This  danger  will  be  still  greater  at  the  upper  furrow,  where 
the  suture  has  to  hold  both  the  stomach  and  the  esophagus  and  must,  therefore, 
be  drawn  rather  tight.  Besides  this,  there  is  the  danger  of  an  outflow  of  in- 
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fectious  material  from  the  esophagus  or  the  stomach,  which  is  not  easy  to  avoid 
at  the  depth  at  which  one  is  operating. 

The  objection  last  mentioned  also  holds  good  for  the  Tiegel  buttmi 
17,  A),  which  is  a  nmditinl   Murphy  buti.m;  l.nt   there  is  not  the  dan-- 
necrosis  as  with  Payr's  button.    The  2  halves  are  introduced ;  the  outer  «,„<•  i nt. . 


FIG.  16. — ANASTOMOSIS  WITH  PAYR'S  BUTTON.     A — Esophagus  tied  to  lower  furrow  of  button  and  cut 
off  below  button.     The  cardia  that  is  to  be  resected  is  clamped.     B — 1,  ligature  around  esophagus; 

2,  first  purse-string  suture  over  slit  in  fundus  of  stomach,  to  be  tied  over  ligature  1  holding  esophagus ; 

3,  second  purse-string  suture,  to  be  tied  over  esophagus  at  upper  furrow  in  button;  4,  suture  of 
stomach  where  cardia  was  resected.     C — Section  through  button  showing  anastomosis.     1,  2,  and  3 
correspond  to  same  numbers  in  B.     D — Completed  anastomosis. 

the  fundus  of  the  stomach,  the  inner  one  into  the  esophagus,  and  each  is  held 
there  by  a  previously  placed  purse-string  suture  (Fig.  17,  B).  An  obturator 
(Fig.  17,  A),  introduced  into  the  upper  half,  serves  to  facilitate  handling  it  and 
to  occlude  the  lumen,  while  the  other  half  of  the  button  is  being  placed.  The 
2  halves  are  then  connected,  and  by  this  procedure  the  purse-string  suture  on 
the  esophagus  is  invaginated  into  the  button  (Fig.  17,  C).  Then  the  anasto- 
mosis and  the  button  are  invaginated  into  the  stomach  and  held  there  by  a  sec- 
ond purse-string  suture  in  the  stomach  lower  down  than  the  first  (Fig.  17,  D). 
For  carcinoma  in  the  upper  part  of  the  esophagus  Sauerbruch  recommends 
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resection  of  the  first,  second,  and  third  right  ribs  and  costal  cartilages  from  the 
sternum  to  about  3  cm.  (1%  in.)  beyond  the  junction  of  rib  and  cartilage.  The 
esophagus  is  found  behind  the  trachea ;  it  is  isolated  as  in  the  operations  on  its 
lower  part.  After  resection  of  the  tumor,  the  lower  end  is  invaginated  and  the 


FIG.  17. — ANASTOMOSIS  WITH  TIEGEI/S  BUTTON.  A — Tiegel's  button  and  obturator.  B — The  two 
halves  ready  for  anastomosis,  b — bi  purse-string  suture  of  esophagus,  c — ci  first  purse-string  suture 
of  stomach,  a — ai  second  purse-string  suture  of  stomach.  C — The  two  halves  united,  the  esophagus 
suture  pushed  up  under  hood  of  button.  D — Button  invaginated  into  stomach  and  held  there  by 
purse-string  suture  a. 


upper  end  brought  out  through  the  neck.     The  patient  is  fed  through  a  gastric 
fistula  made  some  weeks  previous. 

Wendel  recommends  a  combined  abdominothoracic  procedure  in  cases  of 
carcinoma  of  the  cardia.  This  consists  in :  laparotomy  through  the  left  rectus ; 
if  the  case  is  favorable  for  resection,  extension  of  the  incision  through  the  costal 
cartilages  upward  as  far  as  the  fifth ;  opening  of  the  thorax ;  division  of  the 
diaphragm  from  the  rectus  incision  backward  through  the  hiatus  cesophageus. 
This  is  mostly  done  by  blunt  dissection,  except  at  the  hiatus,  where  some  fibers 
must  be  cut.  The  stomach  and  esophagus  are  then  dissected  out  and  brought 
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forward.  Resection  and  anastomosis  now  follow.  On  closing  tin-  diaphragm, 
it  is  sutured  to  the  esophagus  above  tin-  anastomosis,  HO  that  tin-  >uture  line  can 
be  drained  abdominally. 

A  very  interesting  method  of  operating 
in  cases  of  carcinoma  of  the  cardia  has 
been  proposed  by  Ach.  The  operation  is 
done  from  the  abdomen  and  from  the  neck 
without  opening  the  thorax.  At  the  an- 
terior border  of  the  sternocleidomastoid 
muscle  the  esophagus  is  exposed,  and  the 
wound,  is  temporarily  tamponed.  Through 
an  abdominal  incision  the  peritoneal  cov- 
ering of  the  esophagus  at  the  hiatus  is  di- 
vided, and,  with  the  finger  introduced 
into  the  hiatus,  the  esophagus  is  loosened 
as  far  as  possible.  A  portion  of  the 
esophagus  is  now  drawn  down  into  the  ab- 
domen. It  is  tied  off  with  strong  linen 
thread  about  2  cm.  (4/5  in.)  above  the 
tumor  and  cut  below  the  ligature.  The  2 
ends  of  the  ligature  are  left  about  % 
meter  (20  in.)  long.  A  thin,  flexible  steel 
rod,  60  cm.  (24  in.)  in  length,  the  end  of 
which  has  the  shape  of  a  little  ring,  is 
introduced  through  the  mouth  down  to  the 
bottom  of  the  esophagus.  A  needle  armed 
with  strong  linen  thread  now  transfixes 
the  lower  end  of  the  esophagus  and  the 
ring ;  the  thread  is  drawn  through,  and  its 
ends  are  knotted  together  at  a  distance  of 
about  12  cm.  (5  in.)  below  the  esophagus. 
The  steel  rod  is  now  drawn  up  again ;  the 
thread  held  in  its  ring-shaped  extremity 
follows  and  invaginates  the  esophagus  into 
itself.  According  to  Ach,  it  can  be  drawn 
up  without  encountering  much  resistance. 
As  soon  as  the  lowest  part  of  the  cervical 
esophagus  is  seen  through  the  neck  in- 
cision to  become  invaginated,  the  long 
thread  with  which  the  lower  end  of  the 
esophagus  was  tied  is  pulled  out  through 

the  wound  in  the  neck.  By  traction  on  this  thread  the  esophagus  is  again 
evaginated  and  drawn  out  through  the  neck  after  the  staff  has  been  released 


(A) 


Fio.  18.  —  DIAGRAM  or  Actt'ft  METHOD  OF 
EXTRACTION  OF  ESOPHAGUS.  A  —  a, 
mouth ;  b,  incision  in  neck ;  c.  thin  steel  rod 
introduced  into  d,  esophagus,  which  is 
tied  at  e.  B — Rod  ia  drawn  up  and  in- 
Vagination  begun.  C— Invaginatioi 
pleted.  The  string  with  which  th»«  1«  WIT 
end  of  the  esophagus  had  been  tied  has 
been  drawn  out  through  the  cervical 
wound;  the  ring  of  the  steel  rod  is  now 
outside  the  mouth  and  can  be  released  by 
cutting  the  string  that  passes  through  it. 
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by  cutting  the  thread  that  passes  through  its  ring,  in  front  of  the  patient's 
mouth.     The  procedure  is  represented  schematically  in  Figure  18. 

Dangers  and  Difficulties. — Operations  for  resection  of  the  esophagus  are  often 
attended  by  collapse  due  to  the  magnitude  of  the  operation  or  to  vagus  reflex.  Infec- 
tion has  been  one  of  the  greatest  dangers.  Its  chief  source  has  been  from  the  esophagus 
and  from  the  stomach  either  at  the  time  of  the  operation  or  later,  through  leakage  from 
sutures.  This  danger  can  be  eliminated  by  adhering  to  my  method  of  operating.  An- 
other source  of  infection  may  come  from  the  lungs,  if  they  were  injured  at  the  opera- 
tion, in  which  case  the  danger  of  pneumothorax  is  superadded  to  that  of  infection. 
Care  in  handling  the  lungs  and  in  separating  adhesions  eliminates  that  danger.  Pneu- 
mothorax has  been  repeatedly  assigned  as  a  cause  of  death.  It  may  arise  either 
through  leaving  behind  some  air  in  the  pleural  cavity  before  closing,  or  the  air  may 
gain  access  from  without  after  incomplete  closure,  or  it  may,  through  an  injury  of  the 
lung,  pass  from  that  organ  into  the  pleural  cavity.  The  importance  of  the  first  of 
these  causes  of  pneumothorax  has  doubtless  been  exaggerated.  The  amount  of  air  re- 
maining in  the  pleural  cavity,  after  the  lungs  have  been  thoroughly  distended  on  clos- 
ing the  thorax,  is  not  apt  to  interfere  very  much  with  the  function  of  the  lung  and 
will  probably  soon  be  absorbed.  Of  much  more  importance  is  the  open  pneumothorax, 
which  is  caused  by  a  communication  of  the  pleural  cavity  with  the  air  outside  of  the 
chest  or  with  the  lung,  as  the  constant  admission  of  air  causes  a  collapse  of  the  lung 
and  the  danger  of  infection  is  superadded.  Pneumonia  has  been  the  cause  of  death 
in  a  number  of  cases,  and  empyema  in  others. 

The  difficulty  of  the  operation  has  been  considerably  lessened  by  my  mode  of 
access. 

E.     ESOPHAGOPLASTY 

In  cases  of  impassable  and  inoperable  stricture  of  the  esophagus  the  desire 
to  construct  a  new  extrathoracic  communication  between  the  cervical  part  of 
the  esophagus  and  the  stomach  has  given  rise  to  a  variety  of  plans  for  esophago- 
plasty.  The  reconstruction  of  the  esophagus  would,  of  course,  also  be  desirable 
after  resection  of  the  esophagus.  The  material  for  forming  an  esophagus  may 
be  either  skin  or  a  portion  of  the  gastro-intestinal  tract,  or  both.  Thus,  a  skin 
tube  extending  from  the  esophagus  to  the  gastric  fistula  may  be  constructed,  the 
epidermis  forming  the  inner  lining  of  the  tube.  The  outer  raw  surface  is  cov- 
ered by  a  plastic  from  the  skin  of  the  chest  (Bircher). 

The  upper  part  of  the  jejunum  may  be  used  (Eoux).  A  sufficiently  long 
piece  of  jejunum  is  resected  but  left  in  connection  with  the  mesentery.  The 
ends  of  the  jejunum  which  remain  behind  are  united  end  to  end.  Of  the 
resected  portion,  4  or  5  arteries  at  the  upper  end  are  tied  and  divided  in  order 
to  mobilize  this  end  sufficiently  to  pull  it  upward.  Care  must  be  taken  not  to 
injure  the  arcades  and  the  vasa  recta  arising  from  these,  as  the  circulation  of 
the  oral  end  depends  upon  these  anastomoses,  after  their  arteries  have  been 
divided.  The  aboral  end  of  the  resected  portion  is  implanted  into  the  stomach. 
The  oral  end  is  brought  out  of  the  abdominal  wound,  pushed  through  a  sub 
cutaneous  tunnel  extending  from  the  abdominal  wound  to  the  end  of  the 
esophagus,  and  united  with  it  by  suture. 
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Instead  of  the  jejunum,  the  use  of  the  transverse  colon  has  been  attempted 
(Kelling).  A  number  of  variations  of  these  methods  have  aUo  been  proposed, 
for  instance,  the  formation  of  an  esophagus  partly  of  inte.-tine  and  partly  of 
skin  (Lexer,  Frangenheim) . 

A  new  esophagus  may  be  made  of  material  taken  from  the  stomach.  1 1  irsch 
proposed  utilizing  a  portion  of  the  anterior  wall  of  tin-  Momach.  A  much  l>«-u«-r 
method  is  that  of  .Jianu,  who  uses  the  greater  curvature  of  the  stomach  in  al- 
most its  whole  length  to  make  an  esophagus.  The  oral  end  of  this  tulx?  remains 
attached  to  the  stomach,  the  aboral  end  being  brought  up  through  a  sulx-iitanc 
ous  tunnel,  as  in  the  case  of  Roux's  method.  This  method  is  scarcely  feasible  if 
a  gastrostomy  according  to  the  usual  methods  has  already  been  d<»:  in-n-- 

fore,  a  Jianu  esophagus  is  contemplated,  it  should  Ix?  constructed  when 
the  abdomen  is  opened  for  the  purpose  of  doing  the  preliminary  gastrostomy, 
provided  that  the  case  proves  to  be  a  favorable  one  for  resection  of  the 
esophagus. 

It  has  also  been  proposed  to  employ  intrathoracically,  instead  of  antethoraei- 
cally,  the  various  methods  of  utilizing  the  gastrointestinal  tract  for  restoring 
the  esophagus. 

OPERATIONS   ON   THE    PLEURA 

Anatomical  Points  on  the  Surgery  of  the  Pleura  and  Lung. — The  pleural 
cavities  are  sacs  invaginated  into  themselves  from  their  mesial  sides  by  the 
lungs.  The  visceral  pleura  is  firmly  attached  to  the  lung,  the  parietal  pleura 
more  loosely  to  the  endothoracic  fascia  which  it  covers.  According  to  location, 
the  parts  of  the  parietal  pleura  are  named  respectively  sternocostal,  diaphrag- 
matic, mediastinal,  and  pericardial  pleura.  The  spaces  where  the-e  ditf. 
divisions  of  the  pleura  meet,  forming  corners  or  angles,  are  called  sinuses. 
Thus  there  are  the  mediastinodiaphragmatic  sinus,  the  posterior  costomedi- 
astinal  sinus,  the  anterior  costomediastinal  sinus,  and  the  costodiaphrairmatie 
sinus.  Of  these  the  2  last-named  are  not  completely  occupied  by  the  lun^  even 
at  inspiration.  Their  relation  to  the  chest  wall  is  of  considerable  clinical  im- 
portance. 

The  folds  of  reduplication  of  the  pleura  will  be  best  understood  by  referring 
to  Figure  19.  The  relations  of  the  margins  of  the  hums  and  of  the  separate 
Jobes  to  the  chest  wall  are  also  represented  there.  It  will  be  seen  that  both  at 
the  upper  and  the  lower  end  of  the  sternum  there  is  a  roughly  triangular  Held 
where  its  posterior  surface  is  not  covered  by  pleura.  The  anterior  folds  of  the 
pleura  are  not  always  exactly  at  the  lines  shown  in  the  diagram :  they  may  be 
displaced  to  either  side.  The  cardiac  incisure  of  the  lung  is  also  seen.  The 
lower  border  of  the  lung  is  seen  to  be  at  a  higher  level  than  the  lower  border  of 
the  pleura.  The  latter  corresponds  about  to  the  lower  border  of  the  seventh 
rib  in  the  mammillary  line;  in  the  axillary  line  it  corresponds  t.»  the  ninth  rib, 
and  farther  back  to  the  tenth  intercostal  space.  Posteriorly  it  runs  about 
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horizontally  to  the  spinal  column,  which  it  reaches  at  a  level  corresponding  to 
the  twelfth  rib. 

The  mediastinal   structures   are  bounded    on   the   right   and   left  by   the 


FIG.  19. — DIAGRAM  OF  THE  FOLDS  OF  REDUPLICATION  OF  THE  PLEURA;  PROJECTION  OF  THE  MARGINS 
OF  THE  LUNGS  AND  OF  THEIR  SEPARATE  LOBES. 


mediastinal  pleura.  The  right  mediastinal  pleura  is  in  relation  with  the 
superior  vena  cava,  the  right  phrenic  nerve,  the  innominate  artery,  the  trachea 
just  above  the  bifurcation,  the  azygos  vein,  and  the  right  sympathetic  nerve. 
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The  left  mediastinal  pleura  is  in  relation  with  tin-  thoracic  aorta,  the  left 
sympathetic  nerve,  the  hemiazygos  vein,  and  the  left  subclavian  artery.  Both 
pleura*  may  or  may  not  touch  the  esophagi-  !.<•!«. \v  the  arch  <»t'  the  aorta. 

Thai  portion  of  the  lung  at  which  the  bronchus  ami  the  irreat  \i-sels  enter 
it  is  called  the  hilus.  It.-  pontion  OOrmpondi  in  height  to  the  third  inter.-.. ~ta! 
space  and  the  fourth  costal  cartilage  in  front,  and  to  the  tilth  and  sixth  dorsal 
vertebra  posteriorly.  In  the  root  of  the  limn  the  artery  is  above,  the  vein  be- 
low, and  the  bronchus  in  the  middle,  but  more  posterior. 

A.     PARACENTESIS 

Indications. — Until  rather  recently  the  indication  for  paracentesis  of  the 
chest,  the  procedure  of  drawing  off  fluid  from  the  thoracic  cavity,  was  stated 
as  being  confined  to  cases  where  the  pressure  of  the  fluid  interfered  >erit»u.-lv 
with  the  action  of  the  lungs  or  the  heart,  thereby  endangering  life,  <>r  where  th»- 
effusion  had  remained  stationary  for  a  long  time,  about  2  or  3  months.  The 
mere  fact  that  a  serous  pleuritic  exudate  had  been  discovered  was  not  consid- 
ered an  indication  for  its  removal.  At  present,  however,  the  tide  of  opinion  is 
changing.  A  pleuritic  exudate  of  long  duration  is  not  to  be  regarded  as  harm- 
less, inasmuch  as  a  deposit  of  fibrin  may  in  the  meantime  cause  a  thickening 
of  the  pleura  and  may  establish  pleuritic  adhesions,  which  would  ultimately 
interfere  with  the  expansibility  of  the  lung.  Compressed  lung  tissue  may  be 
replaced  by  callous  material,  resulting  in  the  production  of  bronchiectasis. 
The  presence  of  a  fair-sized  exudate  is  in  itself  considered  an  indication  for 
its  removal,  especially  since  we  have  learned  that  air  may  be  allowed  to  enter, 
as  the  fluid  is  withdrawn,  and  that,  in  employing  this  method,  described  below, 
every  drop  of  the  exudate  can  be  removed. 

The  only  exception  to  the  rule  is  in  cases  of  exudates  of  tuberculous  origin, 
as  these  are  believed  to  possess  bactericidal  attributes.  The  immobilization 
and  compression  of  the  lung,  moreover,  which  they  produce  are  of  advantage  to 
the  patient,  inasmuch  as  the  cure  of  tuberculous  foci  in  the  lungs  is  tin- 
favored  in  a  manner  similar  to  that  of  intrapleural  injection  of  nitrogen  ac- 
cording to  Forlanini,  Murphy,  and  Brauer  (see  Tuberculosis  of  the  Lung, 
page  545).  But  even  here  the  fluid  may  be  completely  withdrawn  and  the  col- 
lapse of  the  lung  maintained  by  nitrogen  injections. 

Instruments  Used. — A  small-sized  trocar  may  be  used,  over  the  end  of  which 
a  rubber  finger  cot  is  slipped,  the  tip  of  which  is  cut  off.  This  finger  cot.  by 
its  collapse,  forms  a  valve  preventing  the  entrance  of  air.  Or  we  may  use  a 
trocar  that  has  a  lateral  outlet  over  which  a  long  rubber  tube  is  slipped,  the  end 
of  the  tube  being  submerged  under  an  antiseptic  fluid.  The  neatest  instru- 
ment is  Potain's  apparatus  in  which  the  aspirating  needle  is  connected  by 
means  of  a  rubber  tube  with  a  bottle  from  which  the  air  has  been  exhausted. 
For  the  newer  method  of  allowing  air  to  enter  the  pleural  cavity  a  trocar  or  a 
large  caliber  aspirating  needle  is  all  that  is  necessary. 
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Technic. — WITHOUT  ADMISSION  OF  AIE. — The  time-honored  method  of 
aspirating  with  careful  avoidance  of  permitting  air  to  enter  is  as  follows :  The 
posterior  axillary  or  the  scapular  line  is  selected,  and  a  puncture  is  made  in  the 
fifth,  sixth,  or  seventh  intercostal  space.  The  skin  is  first  prepared  antisepti- 
cally,  #nd  the  patient  preferably  sits  up,  being  well  supported.  The  instru- 
ment is  introduced  at  the  upper  edge  of  a  rib  to  avoid  injuring  the  intercostal 
vessels.  The  fluid  is  allowed  to  flow  out  slowly,  and,  when  about  i/^  or  %  of 
the  exudate  has  been  evacuated,  the  aspiration  is  stopped.  If  the  patient 
manifests  dyspnea,  severe  cough,  marked  stinging  pain,  or  great  weakness,  the 
tapping  is  interrupted.  The  puncture  is  closed  with  collodion  or  by  a  small 
dressing. 

WITH  ADMISSION  OF  AIE. — Aspiration  with  the  admission  of  air  into  the 
pleural  cavity  has  a  number  of  advantages  over  the  method  just  described. 
The  symptoms  coincident  with  sudden  removal  of  the  fluid,  such  as  great  weak- 
ness, dyspnea,  severe  cough,  and  marked  stinging  pain,  are  avoided.  Those 
symptonis  appear  to  be  due  in  part  to  the  rather  sudden  establishment  of  nega- 
tive pressure  on  the  surface  of  the  lung.  The  admission  of  air  does  away  with 
this  negative  pressure.  Furthermore,  the  direct  irritation  of  the  lung  by  the 
needle  coincident  with  the  expansion  of  the  lung,  as  the  fluid  is  withdrawn,  is 
avoided ;  for  the  entrance  of  air  allows  the  lung  to  recede  from  the  needle.  The 
most  important  advantage,  however,  is  that  all  the  fluid  can  be  withdrawn. 
The  tapping  is  continued  until  the  last  drop  has  run  out.  One  of  the  agreeable 
features  of  this  method  is  the  fact  that  the  presence  of  pneumothorax  enables 
us  to  obtain  very  much  clearer  X-ray  pictures  of  the  lung  than  could  be  made 
before.  A  very  welcome  advantage  is  the  simplicity  of  the  apparatus,  as  noth- 
ing but  a  trocar  is  needed.  It  was  thought  at  first  that  it  would  be  necessary 
to  measure  exactly  the  volume  of  air  that  goes  in,  for  fear  that  more  air  might 
enter  than  fluid  escape.  This  would  require  more  or  less  complicated  appar- 
atus ;  but  experience  has  shown  that  it  is  unnecessary,  as  the  exudate  is  under 
positive  pressure.  It  was  also  thought  at  first  that  the  air  entering  the  pleura 
had  to  be  sterilized ;  but  the  fear  of  air  infection  of  the  pleura  is  just  as  ground- 
less as  the  fear  of  air  infection  of  the  peritoneum  proved  to  be  years  ago. 

The  method  is  as  follows:  The  patient  is  laid  horizontally  across  2  beds, 
so  that  the  seat  of  the  operation  is  in  the  space  between  the  beds.  A  trocar  is 
introduced  and  the  patient  turned  so  that  the  trocar  is  at  the  lowest  point  of 
the  exudate.  The  serum  will  at  first  flow  in  a  continuous  stream ;  then,  as  the 
pressure  from  within  diminishes,  the  stream  will  begin  to  halt  on  inspiration, 
until,  during  an  inspiration,  some  air  finds  entrance,  after  which  the  flow  again 
improves.  This  continues  until  there  is  no  fluid  left  in  the  pleural  cavity, 
when  the  trocar  is  removed  and  the  opening  closed  with  cotton  and  collodion  or 
with  sterile  adhesive  plaster.  During  the  procedure  the  patient  experiences  no 
discomfort;  there  is  no  tendency  to  cough  and  no  dyspnea.  The  air  is  ab- 
sorbed in  a  few  days. 

Dangers, — The  dangers  connected  with  the  introduction  of  a  needle  or  trocar 
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into  the  pleural  cavity,  which,  however,  can  be  readily  avoided,  are  injury  to 
the  lungs,  the  heart,  an  aortic  aneurysm,  an  intercostal  vessel,  puncture  through 
the  diaphragm  into  an  abdominal  organ,  or  the  rapi.l  i'urmati«m  of  a  pueuino- 
thorax. 

B.     OPERATIONS   FOB    EMPYEMA 

Whenever  a  probatory  puncture  has  revealed  the  presence  of  pus  or  turbid 
serum  in  the  pleural  cavity,  its  removal  by  operation  i>  indicate. 1.  'I  hi-  may  be 
done  in  various  ways. 

1.     PUNCTURE  WITH   SUBSEQUENT  DRAINAGE 

Indications. — This  procedure,  being  much  less  certain  in  its  results  than 
resection  of  a  rib,  is  indicated  only  in  patients  too  weak  to  stand  the  thoracot- 
omy  or  in  those  very  favorable  cases  of  pneumococcus  empyema  of  youiiL'  chil- 
dren. 

Technic. — It  is  performed  by  making  a  small  skin  incision,  1  to  2  cm. 
(Vi>  to  %  in.)  in  length,  under  local  anesthesia,  in  the  posterior  axillary  or 
scapular  line  over  the  seventh  or  eighth  intercostal  space.  A  trocar  about  the 
thickness  of  a  finger  is  thrust  into  the  pleural  cavity,  and  a  large  drainage  tube 
is  introduced  through  the  cannula,  which  is  then  withdrawn,  while  the  drainage 
tube  remains.  A  small  sterile  dressing  is  applied.  Alter  the  pus  has  i: 
out,  a  long  tube,  the  end  of  which  is  submerged  under  an  antiseptic  fluid  in  a 
bottle,  is  attached  to  the  drainage  tube.  If  the  flow  of  pus  is  interrupted  by 
masses  of  fibrin,  an  irrigation  with  saline  solution  is  made.  When  the  patient 
is  able  to  be  out  of  bed  he  carries  the  bottle  in  a  pocket.  Strictest  asepsis  is 
necessary  throughout.  In  favorable  cases  healing  takes  place  in  from  1  to  3 
months. 

2.     INTERCOSTAL  THORACOTOMY 

This  operation,  which  is  only  slightly  simpler  than  resection  of  a  rib  and 
less  certain  in  its  results,  has  been  almost  entirely  discarded  in  favor  of  the 
latter  procedure. 

3.     RESECTION  OF  RIBS 

Instruments. — The  instruments  used  are  a  slightly  curved  and  a  strongly 
curved  raspatory,  a  curved  periosteum  elevator,  rib  shears,  a  large  sized  as- 
pirating syringe  with  a  large  caliber  long  needle,  and  instruments  for  the  soft 
parts. 

Anesthesia. — In  adults  the  operation  can  be  very  well  performed  under 
local  anesthesia;  in  cases  of  children  general  anesthesia  is  usually  preferred, 
but  the  operation  is  also  feasible  under  local  anesthesia.  A  */2  t°  1  per  cent. 
solution  of  novocain  with  suprarenin  is  employed.  The  intercostal  nerves  are 
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blocked  from  2  or  3  points  at  the  lower  border  of  the  rib  to  be  resected,  arid  the 
periosteum  under  the  deep  surface  of  the  rib  is  infiltrated  to  the  desired  extent. 
It  may  be  necessary  to  use  a  curved  needle  for  this  purpose.  Then  injections 
at  the  upper  border  and  superficial  surface  of  the  rib  are  made,  after  which 
the  soft  parts  in  the  periphery  of  the  field  of  operation  are  infiltrated.  Lastly, 
the  line  of  incision  is  anesthetized.  If  several  ribs  are  to  be  resected,  the 
method  is  changed  accordingly. 

Technic  of  Operation. — A  preliminary  morphin  injection  is  given.      The 
patient  is  placed  in  the  prone  position  with  the  affected  side  slightly  lower  than 

the  sound  side,  so  that  the  sound 
lung  may  not  be  impeded  in  its  func- 
tion. Over  the  eighth  or  ninth  rib, 
in  the  posterior  axillary  or  scapular 
line,  an  incision,  5  to  6  cm.  (2  to  2% 
in.)  in  length,  is  made  down  to  the 
rib.  The  periosteum  is  divided  in  a 
line  parallel  to  the  borders  of  the  rib 
and  midway  between  them  and  is 
pushed  with  a  periosteum  scraper 
upward  and  downward.  The  upper 
and  lower  borders  of  the  rib  are  then 
carefully  stripped  of  the  periosteum, 
taking  heed  that  the  latter  is  not 
perforated  by  rough  treatment.  The 
periosteum  covering  the  deep  layer 
of  the  rib  is  then  readily  stripped  off 
by  interposing  a  curved  periosteal 
elevator  (Fig.  20).  The  exposed 
piece  of  rib  is  now  removed  with  rib 
shears.  The  periosteum  with  the 
underlying,  pleura  is  incised  and  the 
pus  allowed  to  flow  off  slowly. 

Masses  of  fibrin  appearing  at  the  opening  are  removed,  and  finally  a  finger  is 
introduced  to  dislodge  any  further  pieces  of  fibrin  that  may  have  remained 
behind.  After  the  greater  portion  of  the  pus  has  flowed  out,  the  remainder  can 
best  be  poured  out  by  turning  the  patient  so  that  the  wound  is  at  the  bottom  of 
the  cavity.  If  the  patient  has  coughed  out  any  pus  previous  to  the  operation, 
so  that  a  communication  between  the  lung  and  the  pleural  cavity  must  be 
assumed  to  exist,  irrigation  of  the  pleural  cavity  is  absolutely  contra-indicated. 
In  the  absence  of  such  communication,  flushing  of  the  pleural  cavity  can  do  no 
harm;  in  fact,  a  thorough  cleansing  at  the  time  of  the  operation  materially 
lessens  the  subsequent  discharge  and  simplifies  the  after-treatment.  Two  thick 
drains  are  inserted,  their  inner  ends  protruding  only  a  short  distance  beyond 
the  pleura.  Large  safety-pins  are  inserted  to  prevent  the  tubes  from  slipping 


FIG.  20. — STRIPPING  THE  PERIOSTEUM  FROM  THE 
POSTERIOR  SURFACE  OF  THE  RIB. 
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in.  A  voluminous  <lr<  — in-  is  applied  firmly  tu  prevent  tin-  aspiration  of  air 
into  the  pleura  1  cavity.  It'  tin-  -an/*-  d««es  imt  sutlire  tu  armnipINi  this  after  it 
has  become  moist,  an  impermeable  tissue  may  be  placed  on  the  wmmd. 

Expansion  of  the  lung  is  favored  by  forcible  blowing  exercises.  Irrigations 
of  the  cavity  are  given  only  for  special  reasons,  such  as  increase  in  the  amount 
of  discharge,  ichorous  discharge,  rise  of  temperature,  etc.  In  that  case  saline 
solution  is  employed,  or  permanganate 
of  potash,  acetate  of  aluminum,  nitrate 
of  silver,  etc.,  may  be  used  instead. 
The  drains  are  removed  as  soon  as  the 
discharge  ceases.  If  the  closure  of  the 
cavity  is  delayed,  the  sinus  may  be 
hermetically  sealed  by  a  sheet  of  rubber 
perforated  by  a  thick  drainage  tube. 
This  sheet  is  fastened  directly  to  the 
skin,  and  suction  is  applied  to  the 
drainage  tube  by  one  of  various  meth- 
ods. As  in  thoracocentesis  for  pleuritic 
exudates,  a  Potain  bottle  may  be  used. 
Perthes'  apparatus  connected  with  a 
water  pump  (Fig.  21)  is  constructed 
somewhat  on  the  same  principle,  but 
the  partial  vacuum  in  the  flask,  in- 
stead of  being  produced  by  a  piston 
pump,  is  created  through  the  action  of 
the  flow  of  water.  The  flask  also 
differs  from  the  Potain  in  having  a 
third  opening  at  the  top,  which  con- 
nects with  a  manometer  to  record  the 
pressure  in  the  chest,  and  a  fourth 
opening  below,  controlled  by  a  stop- 
cock, to  permit  the  escape  of  the  as- 
pirated secretions.  In  Stork's  flasks 
suction  is  produced  by  water  flowing 
from  one  bottle  into  another  situated 

at  a  lower  level.  Bier's  hyperemia  cups  have  also  been  used.  Attention  to 
proper  hygienic  and  dietetic  treatment  is  important.  (See  also  Aspiration  and 
Aspirating  Devices  in  Surgery,  Vol.  I,  Chap.  VII.) 


Fio.  21. — PERTHES'  SUCTION  APPARATUS. 
Flow  of  water  causes  partial  vacuum  in 
flask. 


4.     ESTLANDER'S  OPERATION 

Indications. — If  an  empyema  fails  to  heal  after  months  and  the  delay  is 
not  due  to  a  removable  cause,  such  as  retention  or  superadded  infection,  the 
reason  is  to  be  found  in  a  change  that  has  taken  place  in  the  tissues  adjoining 
35  B 
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the  lung,  which  renders  the  expansion  of  the  lung  and  the  restoration  of  its  con- 
tact with  the  thoracic  wall  impossible.  This  change  consists  in  the  formation 
of  thick  callous  layers  on  the  visceral  or  parietal  pleura,  or  both.  Such  cases 
usually  require  a  plastic  operation  to  close  the  cavity,  which  consists  in 
mobilizing  either  the  chest  wall  or  the  lung. 

Technic. — Estlander's  operation  for  achieving  this  object  consists  in  a 
more  or  less  extensive  resection  of  ribs.  The  size  and  extent  of  the  cavity  are 
ascertained  by  probing  and  by  the  radiographic  picture  of  the  cavity  after 
injecting  a  bismuth  mixture.  Over  the  whole  extent  of  the  cavity  the  ribs  are 
resected  subperiosteally,  so  that  the  cavity  is  then  covered  only  by  soft  parts. 
The  chest  wall  is  thus  caused  to  collapse  and  is  brought  in  apposition  with  the 
lung.  From  an  incision  over  1  rib  the  rib  above  and  the  one  below  can  also  be 
resected,  and  even  more.  Flaps  of  various  shapes  may  also  be  made  to  expose 
the  ribs. 

5.     SCHEDE'S  THORACOPLASTY 

In  rare  cases,  where  the  shape  of  the  cavity  is  more  complex,  the  soft  parts, 
after  Estlander's  operation,  cannot  be  properly  brought  into  apposition  with 
the  lung.  In  those  a  thoracoplasty  according  to  Schede  is  performed,  which 
consists  in  removing,  not  only  the  ribs,  but  also  all  the  soft  parts  of  the  thoracic 
wall  between  the  ribs  and  underneath  them.  Schede  also  recommended  making 
the  mobilization  of  the  chest  wall  very  extensive.  The  incision  starts  from  the 
upper  part  of  the  back,  between  the  spinal  column  and  the  scapula,  and  de- 
scends to  the  lower  border  of  the  pleura,  then  curves  forward  and  ascends  again 
in  the  anterior  axillary  line,  terminating  under  the  pectoralis  major  muscle. 
The  soft  parts  of  this  large  flap  are  prepared  upward,  the  scapula  being  raised 
in  conjunction  with  it,  and  all  the  ribs  from  the  second  down  are  resected 
subperiosteally  in  their  entire  extent.  Then,  after  opening  the  pleura,  the 
intercostal  muscles,  together  with  the  pleura,  are  cut  away  over  the  entire 
extent  of  the  cavity,  the  thickened  visceral  pleura  is  scraped  with  a  sharp  spoon, 
and  the  skin  flap  is  replaced,  drainage  tubes  being  introduced. 

Depage  recommended  a  similar  incision,  but,  instead  of  the  reflection  of  a 
skin  flap,  the  ribs  are  divided  in  the  course  of  the  extensive  incision  and  the 
thoracic  wall  is  turned  upward  in  its  entire  thickness.  The  ribs  are  then  re- 
sected subperiosteally  by  incisions  on  the  pleural  surface  as  far  as  necessary, 
after  which  the  flap  is  replaced.  As  compared  with  Schede's  operation,  this 
method  is  simpler  and  less  bloody,  because  the  separation  of  the  skin  flap  from 
the  thoracic  wall  is  omitted.  It  presupposes,  however,  that  the  parietal  pleura 
is  not  too  unyielding  to  be  able  to  adapt  itself  to  the  visceral  pleura. 

6.     SUDECK'S  METHOD 

Many  surgeons,  recognizing  that  an  operation  of  the  magnitude  of  Schede's 
is  too  formidable  for  a  weakened  patient  to  withstand,  have  divided  it  into  2 
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stages.  Sudcck,  in  the  first  stage,  resects  tin-  ninth  rib  ami,  thr..u.Lrli  the  same 
incision,  the  eighth.  A  hand's  breadth  higher  up  another  incision  is  made, 
through  which  the  sixth  and  seventh  ribs  are  resected.  Then-  reactions  are 
done  subperiosteally.  The  flap  thus  obtained  i»  laid  into  the  thoracic  , 
and  fastened  there.  As  a  rule,  this  flap  attaches  itself  kindly  to  the  lower  part 
of  the  cavity,  and  the  secretions  from  the  upper  part  are  led  out  above  it. 
Drainage  is  secured  by  tamponing  the  entire  cavity.  Under  this  treatment 
the  cavity  shrinks  rather  rapidly.  At  a  second  operation  the  remaining  upper 
part  of  the  cavity  is  attacked  by  resect in^  the  upper  riU  according  to  the 
mellmd  of  Schede  and  also  resecting  the  lower  half  of  the  scapula.  The  mus- 
culature of  the  resected  scapula  and  the  skin  ilap  are  utilized  for  a  plastic 
covering. 

7.     DECORTICATION  OF  TIII;   I. UNO 

Instead  of  depressing  the  chest  wall  to  meet  the  lungs  by  any  of  the  pre- 
ceding methods,  Delorme  and  others  have  proceeded  to  obliterate  old  empvema 
cavities  by  removing  the  thickened,  shrunken  visceral  pleura  which  compresses 
the  lung  and  prevents  it  from  expanding  sufficiently  to  come  in  contact  u  ith  tho 
chest  wall.     The  removal  of  the  visceral  pleura  is  called  "decortication  of  the 
lung/'    The  thick  deposit  on  the  lung  is  extensively  incised  and  dissected  off  ai 
far  as  seems  necessary,  after  which,  in  most  cases,  the  lung  expands  again. 
Unfortunately,  the  procedure  is  sometimes  too  bloody  to  be  carried  out   a 
thoroughly  as  planned.     To  gain  access  to  the  lung,  a  temporary  resection  of 
the  chest  wall  is  made,  usually  in  the  shape  of  a  flap  similar  to  Pep, 
Schede's  Thoracoplasty),  which  is  again  replaced  after  decortication  is 
pleted.     The  extent  of  the  temporary  resection  varies,  the  most  extensive  bein_r 
that  proposed  by  Delorme  himself,  who  reflects  a  flap  consisting  of  the  entire 
chest  wall.    Others  have  temporarily  resected  as  much  as  appeared  indicated  in 
the  particular  case. 

8.     COMBINED  METHODS  OF  TREATING  OLD  EMPYKMATA 

Ordinarily  the  surgeon  will  adapt  the  procedure  to  the  particular  case  and 
will  operate  in  some  such  way  as  the  following:  If  there  is  a  sinus  leading  into 
the  pleura,  1  or  2  ribs  are  resected  at  that  site  to  a  sufficient  extent  to  permit  a 
thorough  examination  of  the  size  of  the  cavity.  If  the  sinus  is  so  situated  that 
proper  exploration  is  impossible,  or  if  no  sinus  exists,  the  lowest  point  of  the 
cavity  in  the  axillary  line  is  located  by  physical  examination,  aspiration  with 
a  needle,  and  the  X-ray,  and  1  or  2  ribs  are  there  resected,  after  which  the 
cavity  is  explored.  If  the  cavity  proves  to  be  small,  an  Estlander  operation 
will  suffice.  If  it  is  rather  large,  the  incision  is  extended  backward  in  a  direc- 
tion parallel  to  the  ribs  and  then  upward  between  the  scapula  and  the  spine  as 
far  as  the  examination  of  the  cavity  has  shown  it  to  extend.  In  this  line  the 
ribs  and  intercostal  soft  parts  are  divided.  It  is  of  advantage  not  merely  to 
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divide  the  ribs,  but  to  resect  1  or  2  cm.  (1/2  or  %  in.)  of  each,  as  this  will 
allow  the  liberated  part  of  the  chest  wall  to  sink  in  subsequently.  The  inter- 
costal vessels  are  tied  as  the  soft  parts  are  cut.  In  a  similar  manner,  under 
guidance  of  the  finger  inside,  the  incision  is  carried  forward  and  then  upward 
as  far  as  the  cavity  extends.  The  flap  of  chest  wall  is  turned  up  and  the  pleura 
examined.  If  an  incision  through  -the  thick  visceral  pleura  shows  that  the 
lung  is  capable  of  expanding  and  that  the  thick  deposits  can  be  peeled  off,  this 
modification  of  Delorme's  operation  would  suffice,  especially  as  the  chest  wall 
would  meet  the  lung  to  some  extent,  owing  to  the  short  rib  resections  made  pos- 
teriorly. Should  the  lung  not  expand  or  decortication  be  impracticable,  the 
ribs  are  resected  from  within,  according  to  Depage  (see  Schede's  Thoraco- 
plasty ) ,  beginning  with  the  lowest.  If  then  the  visceral  pleura  should  prove  to 
be  too  rigid  to  sink  in,  we  must  consider  to  what  extent  Schede's  operation  has 
to  be  performed. 

9.     INJECTION  OF  BISMUTH  PASTE 

If  the  pleural  sinus  does  not  lead  into  a  cavity,  or  only  into  a  very  small 
one,  from  which  there  is  little  or  no  secretion,  the  injection  of  Beck's  bismuth 
paste  will  sometimes  effect  its  closure.  The  paste  consists  of  1  part  of  bismuth 
subnitrate  and  2  parts  of  vaselin.  This  mixture  is  sterilized  and  injected  while 
fluid  and  in  a  state  of  thorough  mixture.  A  glass  syringe  may  be  used.  The 
patient  is  placed  in  such  position  that  the  open  end  of  the  sinus  is  directed 
upward  as  the  injection  is  made.  When  the  sinus  has  been  filled,  its  outlet  is 
closed  by  placing  the  finger  on  it  for  a  few  minutes.  During  this  time  the 
bismuth,  which  is  heavy,  will  settle  to  the  bottom  of  the  sinus.  The  fistulous 
opening  is  then  closed  by  a  small  dressing. 


C.     OPERATIONS    FOR    BLEEDING   FROM    THE    INTERCOSTAL   AND    INTERNAL 

MAMMARY    ARTERIES 

If  hemorrhage  from  the  intercostal  and  internal  mammary  arteries  takes 
place  during  the  course  of  an  operation  on  the  ribs  or  costal  cartilages,  they  are 
tied  at  the  site  of  the  injury ;  if  necessary,  an  additional  part  of  the  rib  or  an 
adjacent  cartilage  is  resected  to  expose  the  vessel.  In  stab  wounds  or  other 
injuries  causing  hemorrhage  from  an  intercostal  artery,  the  vessel  is  readily 
exposed  by  resection  of  the  rib  at  the  site  of  the  injury.  Its  ligation  without 
resection  may  be  done  in  the  following  manner:  The  external  intercostal 
muscle  is  divided  close  to  its  insertion  at  the  lower  border  of  the  rib.  Traction 
downward  on  the  muscle  will  dislodge  the  nerve  and  vessel  from  the  groove  in 
the  lower  border  of  the  rib,  so  that  with  great  caution  they  can  be  surrounded 
by  a  blunt  hook  for  ligating.  The  nerve  is  then  isolated  and  the  artery  tied. 

Hemorrhage  from  the  internal  mammary  artery  may  be  stopped  by  ligation 
of  the  vessel  at  a  site  of  election.  The  vessel  and  its  accompanying  vein  run  a 
little  laterally  from  the  edge  of  the  sternum  and  are  separated  from  the  pleura 


OPERATIONS   ON   THE    IMJJ  !;\ 

in  the  upper  part  only  by  a  thin  fascia,  below  also  by  tho  transverse  thoracic 
muscle.  Anteriorly  the  artery  is  in  relation  with  the  costal  cartilages  and  the 
intercostal  muscles.  It  may  be  tied  in  any  of  the  intercostal  spaces;  the  best 
access  is  to  be  had  where  the  sternum  is  narrowest,  preferablv,  therefore,  in 
the  second  intercostal  space.  The  incision  starts  at  the  middle  of  the  >n-nmiu 
and  extends  from  there  outward  between  the  costal  cartilages.  After  divi.-iun 
of  the  skin,  fascia,  and  pectoralis  major  muscle,  the  very  thin  fascia  of  the 
external  intercostal  muscle,  whose  fibers  descend  toward  the  median  line,  pre- 
sents. Under  this  lies  the  internal  intercostal  muscle.  This  muscle  is  di\ 
together  with  the  well-defined  fascia  at  its  deep  surface,  and  the  artery  is  seen 
about  %  to  1  cm-  (*/4  to  l/2  in-)  fr°m  tne  border  of  the  sternum,  its  course  being 
from  above  downward.  The  vein  lies  on  its  mesial  side.  In  the  lower  inter- 
costal spaces  the  vessel  is  slightly  further  away  from  the  sternum,  1  Vi»  to  2  cm. 
(l/2  to  %  in.),  and  lies  on  the  transverse  thoracic  muscle  (triangular is  sterni). 

D.     OPERATIONS  FOR  NEW   GROWTHS   OF   THE   RIBS 

If  a  new  growth  affecting  1  or  more  ribs  does  not  involve  the  pleura,  it  is  re- 
moved by  an  extrapleural  operation.  As  a  rule,  however,  the  pleura  is  involved 
together  with  the  ribs  and  the  intercostal  muscles,  necessitating  the  removal  of 
portions  of  the  entire  thickness  of  the  chest  wall.  At  the  present  time  we  prefer 
to  do  these  operations  under  intratracheal  insufflation  or  differential  pressure 
according  to  any  of  the  methods  mentioned  under  General  Remarks  on  Intra- 
thoracic  Operations  (page  506).  The  operation,  however,  has  been  done  re- 
peatedly without  these  aids,  before  they  were  available.  In  those  cases,  despite 
the  collapse  of  the  lung,  the  disturbance  of  respiration  was  sometimes  surpris- 
ingly small.  In  a  case,  published  by  me  in  1906,  where  I  resected  a  very  large 
tumor  of  the  thoracic  wall  involving  4  ribs,  the  respiration  remained  undis- 
turbed throughout  the  operation.  Sauerbruch's  chamber  was  then  known  but 
not  available.  In  such  cases  the  presence  of  adhesions  here  and  there  doubtless 
explains  the  absence  of  interference  with  the  respiration. 

If  the  operation  is  performed  without  intratracheal  insufflation  or  differ- 
ential pressure,  the  air  should  be  allowed  to  gain  access  rather  slowly.  At  the 
time  when  the  pleura  is  opened  the  patient  should  not  be  too  deeply  under  the 
influence  of  the  anesthetic.  The  lung,  if  not  already  adherent,  should  be 
provisionally  fastened  to  the  chest  wall  at  some  part.  If  possible,  however, 
preparation  for  the  use  of  insufflation  or  differential  pressure  should  be  made, 
so  that  the  surgeon  will  not  be  hampered  in  his  attempt  at  radical  removal  of 
the  new  growth. 

First  one  seeks  to  determine  from  what  ribs  the  tumor  takes  its  origin,  for 
sometimes  tumors  of  considerable  size  have  a  comparatively  small  base.  The 
X-ray,  as  a  rule,  is  of  assistance.  If  the  skin  is  entirely  free  and  un involved,  a 
long  incision  parallel  to  the  course  of  the  ribs  will  usually  answer.  In  some 
instances  a  flap  with  its  base  directed  toward  the  spine  affords  better  exposure. 
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Often  the  skin  lias  to  be  sacrificed  with  the  tumor.  After  the  extrathoracic  por- 
tion of  the  incision  around  the  tumor  has  been  completed,  the  pleura  is  opened 
under  intratracheal  insufflation  or  differential  pressure  in  an  intercostal  space. 
From  this  opening  the  ribs  are  cut  with  rib  shears  a  sufficient  distance  beyond 
the  limits  of  the  affected  area.  Preliminary  ligation  of  the  intercostal  vessels 
is  unnecessary ;  they  are  compressed  when  divided  and  tied  after  the  tumor  has 
been  removed.  If  a  portion  of  the  lung  is  involved,  it  is  resected  together  with 
the  affected  chest  wall,  and  in  case  the  operation  is  done  without  differential 
pressure,  the  lung  is  first  attached  to  the  parietal  pleura  at  some  distance  from 
the  seat  of  the  new  growth  in  the  lung.  With  the  use  of  insufflation  or  differen- 
tial pressure,  this  is  not  necessary ;  but  the  wound  in  the  lung  is  sutured.  When 
the  resection  is  completed,  the  lung  is  made  to  expand  so  as  to  plug  the  opening 
in  the  thoracic  wall.  The  skin  is  closed  by  mobilizing  it  from  the  neighbor- 
hood, or  a  flap  from  the  abdomen  or  from  the  other  side  of  the  chest  is  taken 
and  sutured  over  the  defect,  the  subcutaneous  tissue  being  sutured  to  the  mar- 
gins of  the  defect  in  the  chest  wall  and  skin  to  skin.  Sometimes  the  breast 
from  the  opposite  side  is  transplanted  on  the  defect. 

If  the  subscapular  portion  of  the  chest  has  to  be  resected,  the  scapula  must 
first  be  raised  off  the  chest.  This  may  be  done  by  making  a  T-shaped  skin 
incision,  the  stem  of  the  T  corresponding  to  the  mesial  edge  of  the  scapula.  The 
trapezius  and  the  latissimus  dorsi  are  exposed,  the  fascia  between  them  is  in- 
cised, and  the  incision  is  extended  upward  into  the  trapezius  and  downward  into 
the  latissimus  dorsi.  Then  the  rhomboideus  major  is  divided  about  1  cm. 
(%  i*1-)  fr()m  the  edge  of  the  scapula ;  if  necessary,  also  the  rhomboideus  minor ; 
and  the  scapula  is  turned  outward  by  forcibly  lifting  up  its  mesial  edge.  After 
the  operation  on  the  chest  wall  is  completed,  the  scapula  is  replaced  and  the 
muscles  are  reunited  by  suture. 

E.     RESECTION   FOR   TUBERCULOSIS   OF   THE   RIBS 

Tuberculosis  of  the  ribs  rarely  involves  any  part  of  the  pleura  other  than 
its  external  surface.  If  the  process  is  in  an  early  stage,  where  a  small  abscess 
with  a  well-defined  wall  communicates  with  the  diseased  rib,  the  abscess  and 
the  affected  part  of  the  rib  can  be  removed  in  one  piece  the  same  as  a  tumor 
would  be.  Healing  by  primary  union  can  then  be  expected. 

In  protracted  cases,  however,  particularly  those  which  have  already  opened 
externally,  there  may  be  very  extensive  and  complicated  sinuses.  These  require 
thorough  exposure.  The  sinuses  may  have  worked  their  way  beneath  a  number 
of  ribs  between  them  and  the  pleura,  so  that  in  following  up  their  course  it  may 
be  necessary  to  resect  several  ribs  before  the  primary  focus  is  reached.  If  all 
sinuses  are  laid  bare  and  scraped,  even  these  cases  will  result  in  a  complete  cure, 
although  the  healing  process  may  be  protracted. 

Tuberculous  disease  of  the  costal  cartilages  often  requires  the  total  removal 
of  the  cartilages  arid  of  a  portion  of  the  sternum. 
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OPERATIONS    ON   THE   LUNGS 

A.     SUBCUTANEOUS    INJURIES    OF    THE    LUNO 

The  patient  should  he  plaeed  on  the  injured  side.  This  position  will  not 
only  permit  the  uninjured  lung  to  perform  its  function  more  easily,  hut  the 
pressure  on  the  diseased  side  will  also  help  to  diminish  the  hlcrdini:  from  the 
lung.  The  usual  consequence  of  an  injury  to  the  lung  is  hemothorax  and 
pneumothorax,  both  of  which  may  be  of  greater  or  less  signifies!! 

Indications. — If  the  bleeding  from  the  lung  is  considered  to  he  modi-rat, 
may  be  disregarded,  as  the  blood  will  be  reabsorbed  if  it  remains  sterile.  If  it 
becomes  infected,  an  empyema  will  result.  If  the  hemorrhage  is  severe,  tin? 
thorax  must  be  opened  to  secure  the  wound  in  the  lung  (see  below).  The  re- 
sulting pneumothorax  will  vary  in  extent  and  significance  according  to  the  char- 
acter of  the  wound  in  the  lung.  If  the  tear  involves  only  the  alveoli,  bron- 
chioles, and  smallest  bronchial  tubes,  these  will  be  closed  by  blood-clots,  and  th- 
air  in  the  chest  will  be  absorbed  within  a  short  time.  If,  however,  a  larger 
bronchus  is  torn,  a  spontaneous  closure  cannot  be  expected,  and  the  wound  must 
be  sutured.  In  case  the  subcutaneous  connective  tissue  communicates  with  the 
pleura,  as  in  fracture  of  the  ribs,  an  emphysema  of  the  skin  will  result  over  the 
site  of  the  injured  pleura  and  may  extend  over  the  whole  body.  In  the  absence 
of  such  communication,  the  pneumothorax  is  confined.  It  may  constantly  in- 
crease, owing  to  a  valve-like  condition  of  the  wound  which  permits  the  entrance 
of  air  into  the  pleura  but  prevents  its  escape.  This  condition  is  called  valvular 
pneumothorax.  The  dyspnea  caused  by  it  may  be  extreme,  and  marked  cyanosis 
of  the  face  may  appear.  The  pulse  at  first  is  normal  but  later  becomes  frequent. 
The  patient  is  often  in  urgent  need  of  relief  by  suture  of  the  wound  or  by  aspira- 
tion (see  below  and  under  Treatment  of  Pneumothorax).  When  a  subcu- 
taneous emphysema  arises,  the  patient  does  not  suffer  to  so  great  an  extent,  as 
the  intrathoracic  pressure  is  relieved  by  the  escape  of  the  air  under  the  skin. 

From  a  practical  standpoint  it  is  advisable  not  to  be  in  too  great  haste  to 
draw  out  the  blood  and  air  from  the  pleural  cavity.  Aspiration  to  remove  these 
would  imply  the  production  of  a  negative  pressure  on  the  surface  of  the  hmir 
and  its  torn  vessels  and  bronchioles,  tending  to  keep  them  open,  or  to  reopen 
them  if  imperfectly  closed.  It  should,  therefore,  be  deferred  until  we  have 
reason  to  believe  that  the  wound  is  closed.  Le  Conte  even  recommends  the  pro- 
duction of  a  pneumothorax  in  cases  of  marked  hemorrhage  by  opening  the  chest 
and  inserting  a  drainage  tube.  It  certainly  seems  rational  to  expect  that  a 
wound  in  the  lung  will  have  a  better  chance  of  becoming  sealed  by  a  blood-clot 
if  the  lung  is  put  out  of  function  than  if  the  wound  is  in  constant  motion. 

In  cases  of  severe  hemorrhage  and  increasing  pneumothorax,  or  a  less  se- 
vere but  persistent  or  recurring  hemorrhage,  thoracotomy  and  suture  of  the 
lung  are  indicated.  If,  in  subcutaneous  rupture  of  the  lung,  the  site  of  injury 
cannot  be  determined,  it  is  best  to  enter  at  the  lateral  and  posterior  aspect,  as 
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from  there  the  lung  can  be  best  drawn  forward  out  of  the  costo vertebral  angle. 
This  can  be  done  without  recourse  to  differential  pressure  or  intratracheal  in- 


FIG.  22. — APPLICATION  OF  GENTLY  COMPRESSING  CLAMPS,  LIKE  DOYEN'S  INTESTINAL  CLAMPS,  TO  THE 
WOUND  OF  THE  LUNG;  LIGATION  OF  THE  VESSELS  AND  BRONCHIAL  TUBES. 

sufflation,  but  the  artificial  inflation  of  the  lung  will  render  the  procedure  con- 
siderably easier.  In  a  collapsed  lung,  even  a  fairly  large  tear  may  escape  de- 
tection. When,  however, 
the  lung  is  inflated,  frothy 
blood  will  appear  at  t  h  e 
wound  and  render  its  recog- 
nition easy.  The  patient 
will  also  recover  more  read- 
ily if,  on  closing  the  chest, 
the  lung  is  inflated  and  the 
pneumothorax  thus  dis- 
posed of. 

Technic. — The  method 
of  procedure  is  as  follows: 
The  patient  is  laid  on  the 
sound  side,  a  pillow  being 
placed  under  the  chest.  An 
intercostal  incision  of  am- 
ple dimension  is  made  at 

FIG.  23. — LUNG  SUTURE  WITH  THE  AID  OF  SUPPORTING  THREADS,  fag  most  probable  site  of  the 

A — View  of  the  surface;  supporting    threads  run  parallel  .     .  rp,  ni  -,  -,-,       i 

to  the  incision,  one  on  each  side  of  it.     B— Sectional  view;  mjury.      Ihe  Collected  blood 

supporting  threads,  one  on  each  side,  represented  as  minute  will    be   forced    Out    through 
circles  under  the  edges  of  the  incision.  „ 

the  incision.      Ihe  lung  is 

distended  fairly  well  in  order  to  show  the  site  of  the  injury  by  the  appearance  of 
bloody  foam.  When  the  wound  has  been  located,  the  lung  is  allowed  to  collapse 
to  a  considerable  degree,  as  it  is  easier  to  suture  it  in  that  condition.  The  hem- 
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orrhage  is  best  controlled,  temporarily,  by  clamping  the  lnni:  on  eaeh  .-Me  of  the 
wound  by  a  gently  compressing  instrument  like  Doyen'i  intestinal  damp 
22).  If  the  wound  is  ragged,  it  is  now  cut  smooth,  so  th;»t  tin?  vessels  and  bron- 
chial tubes  may  be  recognized  and  tied.  The  clamps  arc  then  I; 
now  the  bleeding  has  ceased,  a  suture  like  Lemhei -i'.-  for  the  int.  iices; 
if  the  wound  continues  to  bleed,  sutures  entering  deep  into  tin-  luii-  tissue  are 
to  be  preferred.  If  the  parts  have  to  be  approximated  under  tenaon,  il.e  i, 
supporting  threads  is  of  value.  One  of  the.-c  u  introduced  o,,  ea<-h  ,ide  of  the 
wound,  parallel  to  it,  and  the  sutures  that  l.rin-  the  edgefl  together  u«  pawed 
outside  and  underneath  these  threads.  The  supporting  threads  pn.te.-t  the  IUULT 
tissue  from  being  cut  through  by  the  sutures  (Ki-.  23,  A,  B).  For  small 
wounds  that  can  be  closed  without  tension,  fine  silk  may  be  used ;  but  it'  heavier 
material  is  required,  catgut  is  to  be  preferred.  The  lung  is  then  again  dis- 
tended. The  escape  of  some  air  from  the  stitch  canals  is  of  no  importance.  The 
chest  is  closed  by  bringing  the  2  ribs  in  apposition  and  suturing  the  soft  parts, 
as  described  under  General  Remarks  on  Intrathoracic  Operations  (page  508). 
If  the  operation  has  to  be  performed  through  one  of  the  upper  intercostal 
spaces,  the  scapula  must  be  raised  from  the  chest,  together  with  its  musculature, 
as  in  thoracoplasty. 


B.     OPEN  WOUNDS  OF   THE  PLEURA  AND  LUNG,   INCLUDING   GUNSHOT 

WOUNDS 

Gaping  wounds  of  the  thorax,  such  as  those  caused  by  swords,  daggers,  burst 
shells,  or  by  impaling,  should  be  considered  as  infected.  They  are  cleansed  of 
fragments  of  clothing  or  other  foreign  material,  and  the  hemorrhage  from  the 
thoracic  wall  is  stopped.  If  bleeding  from  the  lung  now  appears,  there  is  a  clear 
indication  for  operative  interference.  The  wound  of  the  thorax  is  enlarged,  the 
bleeding  part  of  the  lung  is  drawn  forward,  and  the  blood  vessels  are  ligated, 
or  the  hemorrhage  is  controlled  by  deep  suture  of  the  lung.  Where  suture  is 
impossible,  tamponing  is  resorted  to.  Drainage  of  the  pleural  cavity  at  the 
most  dependent  portion  is  usually  employed  owing  to  the  assumption  that  the 
wound  was  infected,  though  closure  without  drainage  is  preferred  by  some.  1 1' 
the  pulmonary  wound  is  tamponed,  the  pleural  cavity  must  be  drained,  unless  it 
is  possible  to  attach  the  torn  portion  of  the  lung  to  the  chest  wall,  in  which 
case  drainage  of  the  pleura  is  omitted.  A  dressing  similar  to  that  in  operations 
for  empyema  closes  the  wound  and  prevents  the  entrance  of  air  after  it  has 
become  moist.  Should  infection  of  the  pleura  take  place  and  result  in  empyema, 
it  is  treated  like  other  empyemata. 

Gunshot  wounds  of  small  caliber  have  been  found  through  experience  in  re- 
cent wars  to  be  sterile  in  almost  all  cases.  They  should  not  be  probed,  nor 
should  they  be  opened  for  the  purpose  of  cleansing  or  tamponing  them.  They 
are  temporarily  covered  with  a  little  gauze,  and  the  skin  around  the  opening  is 
rendered  aseptic,  after  which  a  permanent  dressing  is  applied.  Pneumothorax 
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and  hemothorax  very  rarely  occur  after  these  injuries,  and  if  the  bullet  is  still 
somewhere  in  the  thorax,  it  is  allowed  to  remain  there. 

0.  PNEUMOTHORAX  AND  HEMOTHORAX 

An  explanation  of  the  dangers  coincident  with  the  production  of  pneumo- 
thorax  has  already  been  given  under  General  Remarks  on  Intrathoracic  Opera- 
tions (page  504).  The  pneumothorax  produced  in  the  course  of  operations  on 
the  pleura  and  the  methods  of  avoiding  or  counteracting  serious  results  due  to 
this  cause  were  discussed  there. 

Injuries  of  the  lung,  with  or  without  fractures  of  the  ribs,  will  cause  the  en- 
trance of  air  and  blood  into  the  pleural  cavity.  Open  wounds  of  the  pleura  will 
bring  about  the  same  result.  Although  these  injuries  are  of  serious  significance, 
the  pneumothorax  and  hemothorax  which  they  produce  are,  nevertheless,  gen- 
erally treated  expectantly,  for  in  many  cases  the  air  and  the  blood  are  reab- 
sorbed.  If  the  hemothorax  and  pneumothorax  are  due  to  a  wound  in  the 
thoracic  wall,  the  bleeding  is  stopped  and  the  wound  is  cleansed.  It  is  closed 
by  suture  and  drained,  if  necessary,  or,  if  the  ragged  condition  of  the  wound 
does  not  permit  suturing  it,  access  to  the  pleural  cavity  is  shut  off  by  a  dressing. 
The  patient  should  lie  on  the  affected  side,  so  as  to  compress  it  and  to  enable  the 
healthy  side  fully  to  perform  its  function. 

As  regards  the  presence  of  air  in  the  pleural  cavity,  we  should  bear  in  mind 
what  was  stated  under  Treatment  of  Subcutaneous  Injuries  of  the  Pleura  and 
Lung  (page  535)  as  to  the  beneficial  influence  of  pneumothorax  on  bleeding 
from  the  lung.  Only  if  pressure  on  the  lung  causes  dyspnea,  the  air  and  blood 
should  be  removed  by  puncture  and  aspiration.  Dyspnea  will  be  promptly  re- 
lieved by  this  procedure,  and,  if  the  wound  in  the  lung  is  closed,  there  will  be 
no  recurrence.  If  the  wound  is  still  open,  recurrence  will  take  place  and  may 
require  repeated  aspiration  or  operation.  If  puncture  fails  to  draw  the  blood, 
thoracotomy  should  be  performed,  preferably  under  insufflation  or  differential 
pressure.  With  the  help  of  artificial  inflation,  the  lung,  if  uninjured,  will  be 
promptly  and  completely  distended.  If  a  fairly  large  pulmonary  wound  exists, 
the  expansion  of  the  lung  will  not  be  complete.  The  employment  of  intra- 
tracheal  insufflation  or  differential  pressure  enables  us  at  once  to  recognize  the 
presence  of  a  wound  and  to  discern  whether  it  is  insignificant  or  important.  All 
wounds  of  moderate  or  large  size  should  be  sutured.  The  method  is  described 
under  Treatment  of  Subcutaneous  Injuries  of  the  Lungs  (page  536).  If  ap- 
paratus for  insufflation  or  differential  pressure  is  not  available,  we  must  re- 
member that  the  element  of  greatest  danger  in  pneumothorax  is  the  to-and-fro 
motion  of  the  mediastinum,  the  so-called  mediastinal  fluttering  (see  General 
Remarks  on  Intrathoracic  Operations,  page  505)  ;  therefore,  the  attachment  of 
the  lung  to  the  parietes  is  to  be  resorted  to,  as  this  attachment  gives  support 
to  the  mediastinum.  The  lung. is  seized  with  the  hand  or  forceps  and  is  at- 
tached by  a  few  sutures.  As  a  temporary  treatment,  the  patient  should  be  made 
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to  lie  on  the  affected  si.lr,  n,,t  only  for  tin-  n -a  sons  stated  above,  but  also  be- 
cause in  that  position  tin-  media.-tiiMiiu  will  tend  to  sag  toward  that  side,  and 
mediastinal  fluttering  will  be  reduced  to  some  extent 

Bilateral  pneumothorax  requires  immediate  intervention  by  aspiration  or, 
if  the  thorax  is  open,  fixation  of  the  Inn-  to  tin  ,  1,,  M  wall. 


D.     ABSCESS  OF  THE  LUNG 

Abscess  of  the  lung,  when  seen  by  the  surgeon,  is  usually  encountered  in 
the  form  of  a  large,  chronic,  open  abscess,  that  is,  one  that  has  perforated  into 
a  bronchus  and  has  manifested  itself  by  expectoration,  from  time  to  time,  of 

large  quantities  of  pus, 
the  evacuation  being  fol- 
lowed by  a  temporary  im- 
provement in  the  phys- 
ical signs.  Spontaneous 
recovery  from  these  large 
abscesses  is  rare  and  can- 
not be  depended  upon; 
hence  their  evacuation 
and  drainage  by  surgical 
means  are  indicated. 

The  operation  is  pref- 
erably done  under  local 
anesthesia,  as  described 
under  Eesection  of  Kibs 
(page  527).  The  lung 

.       f*  FIG.  24. — LUNG  ATTACHED  TO  THORACIC  WALL  BY  BACK  STITCH. 

itseli  need  not  be  anes- 
thetized, as  it  is  insensitive  to  pain.  First  of  all,  the  seat  of  the  abscess  is  an -i ir- 
ately localized  with  the  aid  of  X-ray  pictures,  its  site  being  marked  on  the  chest 
wall  with  nitrate  of  silver  or  by  some  other  tracing;  then  the  patient  is  laid  on 
his  healthy  side  with  the  head  low,  to  favor  emptying  the  abscess  by  expectora- 
tion. The  lobe  that  contains  the  abscess  is  exposed  by  resection  of  as  many  ribs 
as  may  be  necessary  and  sutured  to  the  pleura.  This  suturing  is  preferably 
done  before  opening  the  pleura,  the  healthy  portion  of  the  lung  in  the  vicinity 
of  the  abscess  being  fastened  by  carrying  the  needle  deeply  enough  through  the 
pleura  to  catch  the  lung.  The  back  stitch  is  the  safest  i  l-'i-.  -  1  i.  As  the 
parietal  pleura  tears  easily,  it  is  well  to  embody  with  it  some  other  tissue  in  the 
stitch;  or,  if  there  is  no  other  tissue  at  disposal,  one  may  sew  over  a  gan/.e  pad. 
On  the  visceral  side  the  stitch  should  embrace  lung  tissue.  To  avoid  infection 
of  the  pleura,  the  opening  of  the  chronic  abscess  is  done  at  a  second  stage, 
usually  about  a  week  later,  when  adhesions  at  the  line  of  suture  have  become 
firm  enough.  By  that  time  the  abscess  will  have  filled  up  again;  it  is  opened 
with  a  knife  or  cautery  under  guidance  of  an  aspirating  needle  used  to  again 
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localize  the  abscess.  No  irrigation  is  employed,  as  this  would  tend  to  spread 
infection  to  other  parts  of  the  lung,  and  the  patient  would  also  be  in  danger  of 
drowning.  The  wound  is  tamponed  with  iodoform  or  other  antiseptic  gauze,  or 
a  drainage  tube  surrounded  by  gauze  is  used. 

In  acute  abscesses,  whether  metapneumonic,  embolic,  or  due  to  suppuration 
from  foreign  bodies,  it  is  desirable  to  evacuate  the  pus  as  promptly  as  possible ; 
therefore  a  one-stage  operation  may  be  more  advisable.  This  requires  that  the 
back-stitch  suture  of  the  lung  to  the  parietes  be  made  thoroughly  reliable.  Ad- 
hesions, in  acute  abscess,  are,  as  a  rule,  scarce  and  thin.  It  may  be  difficult  in 
these  cases  to  make  sure,  by  inspection  through  the  unopened  pleura,  whether 
the  abscess  presents  at  the  place  where  the  ribs  have  been  resected.  Under  those 
circumstances  it  is  better  to  narcotize  lightly  under  intratracheal  insufflation  or 
differential  pressure  and  to  examine  by  palpation.  The  seat  of  the  abscess  is 
then  definitely  determined  by  the  firmer  consistency  of  the  lung  tissue.  The 
operation  is  done  in  the  same  manner  as  for  chronic  abscess. 

The  subsequent  course  is  much  more  favorable  in  acute  than  in  chronic 
abscesses.  The  wall  of  the  abscess  soon  becomes  clean,  and  the  surrounding 
tissue  contracts,  so  that  healing  may  be  complete  without  fistula  in  from  6  to 
8  weeks.  Chronic  abscesses  take  a  much  longer  time  to  heal.  The  mortality 
ranges  from  13  to  30  per  cent.,  which  is  very  favorable  when  compared  with  the 
results  of  medical  treatment. 

Old  abscesses  sometimes  have  firm  walls,  similar  to  those  of  old  empyemata, 
and  may  require  extensive  resection  of  ribs  or  thickened  pleura  to  obliterate 
them.  A  fistula  of  the  lung  may  remain  after  the  suppurative  process  itself 
has  ceased.  These  sinuses  are  apt  to  be  particularly  obstinate,  owing  to  cicatri- 
cial  retraction  of  the  surrounding  tissues,  which  also  tends  to  produce  bron- 
chiectasis.  Resection  of  the  ribs,  loosening  of  the  parietal  pleura,  and  excision 
of  the  thickened  portions  of  the  pleura  may  be  necessary  to  enable  the  sinus  to 
close.  Or  the  lung  tissue  itself  may  be  freshened  and  sutured,  a  procedure 
which  may  require  the  mobilization  of  an  entire  lobe  to  render  the  suture 
feasible. 

E.     GANGRENE    OF    THE   LUNG 

The  treatment  of  this  condition  is  similar  to  that  of  abscess  of  the  lung ;  the 
affection,  however,  is  graver  owing  to  the  absorption  of  foul  discharges  from  the 
gangrenous  lung.  The  seat  of  the  gangrene  is  localized  by  the  X-ray,  which 
shows  a  distinct  shadow  before  putrefaction  sets  in ;  later,  the  picture  will  more 
closely  resemble  that  of  a  cavity.  The  operation  is  preferably  done  in  2  stages, 
as  in  abscess  of  the  lung.  For  opening  the  gangrenous  area,  a  Paquelin  cautery 
is  usually  preferred.  A  blunt  instrument,  such  as  a  dressing  forceps,  may  also 
be  employed.  When  the  cavity  has  been  opened,  the  debris  is  removed  with  the 
finger,  care  being  taken,  however,  to  avoid  breaking  down  any  more  or  less  firm 
bands  that  stretch  across,  as  these  often  contain  blood-vessels.  The  cavity  is 
drained  by  gauze  packing  or  by  a  cigarette  drain,  or  a  rubber  tube  surrounded 
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by  gauze  may  be  introduced.  The  mortality  averages  about  34  per  cent,  which 
compares  favorably  with  the  mortality  of  75  to  80  per  cent,  under  medical  treat- 
ment. 

F.     BRONCHIECTASIS 

Indications. — Bronchiectasis  is  a  suppurative  process  in  the  lun^  which  dif- 
fers from  abscess  in  the  manner  of  its  distribution.  Operative  interference  is 
indicated  by  the  presence  of  large  quantities  of  putrid  sputum,  the  related  oc- 
currence of  collateral  aspiration  pneumonias  and  hemorrhages,  and  serious  im- 
pairment of  health  through  septic  absorption.  Where  the  patient's  complaints 
are  of  a  less  degree,  we  are  not  yet  justified  in  recommending  operation,  con- 
sidering that  operative  results  are  far  from  satisfactory . 

Methods  of  Operation. — If  there  be  a  single  cavity,  the  indication  is  to 
open  and  drain  it  as  an  abscess.  But  in  the  presence  of  multiple  bronchiectases 
little  would  be  achieved  by  incision.  These  are  attacked  indirectly  by  various 
methods.  The  production  of  artificial  pneumothorax,  as  described  under  TuU-r 
culosis  of  the  Lungs  (page  545),  is  one  method.  In  many  cases  it  will  be  impos- 
sible to  resort  to  this  method  on  account  of  extensive  adhesions.  If  it  can  be 
carried  out,  the  collapse  of  the  lung  will  be  accompanied  by  a  diminution  in  the 
size  of  the  bronchiectasis.  In  cases  with  extensive  adhesions  my  operation  of 
"interpleural  pneumolysia"  (page  548)  would  probably  be  indicated. 

Another  method  is  thoracoplasty,  the  more  or  less  extensive  resection  of 
ribs,  as  for  old  empyema.  It  is  indicated  in  cases  where  the  bronchiectasis  fol- 
lows in  the  course  of  pleuritic  thickening  and  subsequent  contracture  of  portions 
of  lung  tissue.  Early  operation  increases  the  chances  of  improvement.  Luxem- 
bourg resected  the  first  7  ribs  and  divided  the  clavicle  after  a  preliminary 
pneumothorax  treatment.  The  result  was  very  satisfactory. 

Still  another  method  is  the  artificial  production  of  shrinkage  of  the  lung  tis- 
sue by  ligation  of  the  pulmonary  artery.  Animal  experimentation  has  proved 
that  connective-tissue  contraction  really  does  occur.  In  cases  of  bronchiectasis 
in  man  improvement  has  resulted,  but  thus  far  no  cure  by  this  or  either  of  the 
preceding  methods  has  been  attained.  The  combination  of  ligation  of  the  pul- 
monary artery  and  thoracoplasty  appears  to  afford  a  better  chance  of  improve- 
ment than  either  procedure  alone.  The  ligation  is  performed  first,  the  thoraco- 
plasty a  few  weeks  later,  only  those  ribs  being  resected  which  overlie  the  affected 
lobe.  In  the  case  of  the  lower  lobe,  where  the  ligation  of  the  pulmonary  artery 
has  been  best  studied,  the  incision  is  made  in  the  fifth  intercostal  space,  the  arm 
being  held  upward  and  backward.  The  pleura  should  be  divided  carefully,  as 
the  lung  is  apt  to  be  attached  to  it  by  adhesions,  the  presence  of  which  can 
usually  be  made  out  through  the  unopened  pleura,  inasmuch  as  the  to-and-fro 
motion  of  the  lung  does  not  take  place.  In  the  absence  of  adhesions  it  is  not 
difficult  to  reach  the  root  of  the  lower  lobe,  where  the  bronchus  and  the  pul- 
monary artery  and  vein  are  found.  The  artery  lies  above,  the  vein  below,  the 
bronchus.  The  root  of  the  lobe  is  best  exposed  by  blunt  dissection  with  gauze. 
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If  one  remembers  the  relative  position  of  bronchus,  artery,  and  vein,  the  ves- 
sel is  readily  located.  Not  infrequently  the  branch  supplying  the  lobe  divides 
high  up,  in  which  case  its  subdivisions  are  best  tied  separately.  The  lung  is 
fully  distended  on  closing  the  thorax. 

G.     ACTINOMYCOSIS    OF    THE    LUNG 

In  cases  characterized  by  the  presence  of  external  fistulae,  one  can  proceed 
from  these  and  follow  them  up  into  the  lung,  dividing  all  the  sinuses  thor- 
oughly, cleaning  them  out,  and  treating  them  with  tincture  of  iodin  or  carbolic 
acid  and  alcohol.  lodid  of  potassium  is  administered  as  part  of  the  treat- 
ment. 

It  is  certain,  however,  that  a  complete  extirpation  of  the  affected  tissues 
gives  a  much  better  guaranty  of  radical  cure  than  the  incision  of  sinuses,  and 
if  the  process  is  sufficiently  localized,  one  will  scarcely  hesitate  to  choose  this 
method.  But  in  extensive  involvement  of  the  lung,  where  radical  resection 
(see  Resection  of  the  Lung)  would  be  an  operation  of  extraordinary  magnitude, 
it  will  be  necessary  to  weigh  carefully  the  benefits  to  be  derived  from  the  one  or 
the  other  method  of  procedure. 

H.     TUBEECULOSIS   OF    THE   LUNGS 

Removal  of  tuberculous  foci  from  the  apices  has  been  done  successfully  a  few 
times,  but  the  prospects  of  cure  by  this  means  are  not  good  except  in  incipient 
cases,  when  these  foci  are  still  isolated. 

Bisection  of  the  Diseased  Apex, — Of  the  surgical  modes  of  attacking  the  tu- 
berculous lung  directly,  the  most  rational  is  a  resection  of  the  whole  diseased 
apex.  Tuffier  has  developed  a  method  of  extrapleural  procedure  which  in  some 
instances  has  been  followed  by  cure.  An  incision  in  the  first  intercostal  space 
is  made  down  to,  but  not  through,  the  pleura.  The  ribs  are  spread,  and  the  fin- 
ger is  introduced  to  strip  off  the  parietal  pleura.  The  finger  does  not  enter  the 
pleural  cavity,  but  the  stripping  is  done  altogether  outside  of  the  parietal  pleura. 
This  procedure  is  not  difficult  in  the  anterior  part  of  the  thorax,  but  much  more 
so  at  the  vertebral  column.  When  the  affected  part  of  the  lung,  with  its  parietal 
pleura,  has  been  liberated,  it  is  drawn  forward  and  cut  off,  after  it  has  been 
transfixed  and  tied  off  in  2  sections  with  stout  catgut.  The  stump  is  then 
dropped  back  into  the  thoracic  cavity  and  the  wound  closed.  The  remaining 
part  of  the  lung  expands  and  fills  the  gap.  This  method  should  be  employed 
only  in  incipient  tuberculosis;  when  a  cavity  exists,  the  process  is,  as  a  rule, 
already  too  diffuse  to  expect  its  radical  removal  by  such  interference. 

Freund's  Method. — Freund's  method  of  procedure  in  tuberculosis  by  a 
chondrotomy  of  the  first  rib  was  designed  to  correct  congenital  shortness  of  the 
first  costal  cartilage,  which  produced  narrowing  of  the  upper  thoracic  aperture 
and  hence  constriction  of  the  apex  of  the  lung,  conditions  which  predispose  to 
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tuberculosis  of  the  apex.  The  operation  in  usually  done  on  l>oth  sides.  An  in- 
cision aloni:  the  lower  border  of  the  clavicle  is  made,  the  ami  elevated  as  high  as 
possible,  and  the  perichondrium  of  the  lirst.  costal  cartilage  split.  A  Hiibperi- 
chondrial  resection  is  done  with  the  aid  of  a  rmi^eur,  the  re-ectinn  extending 
about  as  far  out  as  the 
snbclavian  vein.  A  mus- 
cle Map  is  then  implanted 
into  the  gap.  The  opera- 
tion is  n  o  t  supposed  to 
cure  the  tuberculosis  but 
only  to  overcome  the  dis- 
position and  pave  the  way 
for  a  cure. 

Friedrich's  Method.— 
Other  methods  of  treat- 
ment have  for  their  object 

the  collapse  of  the  affected  lung  in  order  to  give  the  tuberculous  process  a  chance 
to  undergo  that  shrinkage  which  appears  to  be  necessary  to  brinj:  the  disease  to  a 
standstill.  One  way  (Friedrich)  of  accomplishing  this  is  by  extensive  resec- 
tion of  ribs  on  one  side  of  the  thorax.  It  is  indicated  only  when  the  other  lung 
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FIG.   25. — INCISION   FOR   FHIKUI-.. 


FIG.  26.— THORACOPLASTY;  EXPOSURE  OF  CHEST  WALL  AND  SUBPERIOSTEAL  RESECTION  OF  RIBS 

is  in  fairly  good  condition.     Under  local  anesthesia  the  ribs,  from  the  se 
to  the  tenth,  are  laid  bare  through  a  large  U-shaped  incision  going  down  on 
the  back  along  the  angles  of  the  ribs  and  up  in  front  at  the  costal  cartilages 
(Fig.  25).    The  flap  thus  formed,  which  consists  of  the  skin  and  all  the  muscles 
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covering  the  chest  and  includes  the  scapula  with  its  muscles  as  well,  is  dis- 
sected up.  The  ribs  are  resected  subperiosteally  with  the  aid  of  Doyen's  or 
Friedrich's  blunt  elevator  (Figs.  26,  27).  Either  both  ends  of  the  ribs  are 
cut,  or  they  are  divided  merely  in  front  at  their  junction  with  the  cartilages, 
after  which  they  are  raised  out  of  their  periosteal  beds  and  the  posterior  ends 
are  twisted  off.  The  large  flap  is  then  replaced  and  drained.  To  support  the 
side  which  has  been  deprived  of  its  bony  wall,  and  to  prevent  oscillation  of  the 
collapsed  lung  and  the  mediastinum  from  side  to  side,  the  operated  half  of  the 

thorax  is  firmly  strapped  with  adhesive  plas- 
ter or  other  straps  to  the  opposite  side.  In 
order,  however,  to  avoid  interference  with 
the  respiratory  action  of  the  better  lung,  the 
straps  are  not  anchored  over  the  thorax  of 
the  non-operated  side  but  to  the  shoulder  and 
to  the  hip. 

This  operation  is  by  no  means  free  from 
danger.  It  is  an  operation  of  considerable 
magnitude  for  a  very  sick  tuberculous  pa- 
tient to  undergo.  Nevertheless  it  is,  as  a 
rule,  well  borne  at  first.  But  after  operation 
cardiac  weakness  is  usually  noted,  probably 
due  to  deviation  of  the  mediastinum  with  the 
heart  and  the  great  vessels  to  the  non-op- 
erated side.  The  mediastinum  will  oscillate 
from  side  to  side,  as  in  open  pneumothorax 
(see  General  Remarks  on  Intrathoracic  Op- 
erations, page  505), being  pressed  toward  the 
operated  side  on  expiration  and  drawn 
toward  the  well  side  on  inspiration.  Fur- 
thermore, on  expiration,  only  a  part  of  the  expired  air  finds  its  way  out  through 
the  mouth  or  nose,  some  of  it  being  forced  into  the  collapsed  lung.  At  the  sub- 
sequent inspiration  this  air  in  the  collapsed  lung,  which,  of  course,  has  not  been 
oxygenated,  is  drawn  back  again,  so  that  the  exchange  of  gases  is  very  much 
reduced.  The  patient  shows  great  dyspnea  and  cyanosis,  and  the  pulse  is  small 
and  rapid.  Expectoration  is  similarly  impaired ;  in  fact,  it  is  often  possible 
only  if  the  operated  side  is  supported.  Hence  the  importance  of  giving  it  this 
support  by  strapping  it  to  the  opposite  shoulder  and  hip,  as  above  described. 
Many  a  patient  dies  in  consequence  of  this  respiratory  insufficiency  and  sec- 
ondary cardiac  failure  owing  to  the  increased  resistance  in  the  pulmonary  cir- 
culation. If  the  patient  survives  for  6  or  7  days,  the  organism  adapts  itself  to, 
the  changed  condition,  and  he  improves. 

Two-stage  Thoracoplasty. — In  order  to  avoid  the  dangers  of  this  extensive 
operation,  it  has  been  modified  and  performed  in  2  stages.  First,  the  fifth  to 
the  eighth  ribs  are  removed  in  the  same  manner  as  above  described.  After  a 
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FIG.  27. — A — FRIEDRICH'S  BLUNT  PERI- 
OSTEUM ELEVATOR.  B — DOYEN'S 
BLUNT  PERIOSTEUM  ELEVATOR. 
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few  weeks  the  second  stage  is  performed.  This  consists  in  a  resection  of  the 
first  to  the  fourth  rib  from  an  anterior  and  upper  im-i.-ion.  The  arm  on  the 
side  of  the  operation  is  elevated  as  high  as  |M..^il,|,-  in  order  to  expose  the  mesial 
end  of  the  first  rib  beneath  the  clavicle.  The  im-i-inn  runs  along  the  clavicle 
from  without  inward  and  then  turns  downward  about  1  or  2  cm.  (*/•>  in.)  from 
the  border  of  the  sternum.  This  incision  divides  the  origin  of  the  pectoralis 
major  muscle.  The  flap  of  skin  and  muscles  is  turned  out,  exposing  the  upper 
ribs  in  %  of  their  extent.  Now  the  second  rib  is  resected  subperiosteally  as  far 
as  possible.  This  causes  the  lung  to  sink  in  somewhat  and  to  recede  from  tin- 
lower  border  of  the  first  rib.  The  periosteum  of  the  first  rib  is  cut  along  its 
lower  anterior  border,  after  which  the  rib  is  divided  subperiosteally  with  a  nar- 
row rongeur  which  bites  out  a  small  furrow.  To  avnid  injuring  the  subclavian 
vein,  it  is  pushed  up  with  a  finger  and  held  there.  Then  as  much  as  possible  of 
the  mesial  and  lateral  end  of  the  first  rib  is  removed.  The  third  and  fourth 
ribs  are  then  resected,  and  the  flap  is  returned  to  its  former  position,  where  it  is 
sutured. 

Another  method  (Wilms)  consists  in  the  resection  of  about  3  to  4  cm.  (l1^ 
to  1%  in.)  or  more  of  the  first  8  ribs  at  their  posterior  ends  and  the  removal  of 
the  costal  cartilages  of  the  same  ribs.  Straps  of  adhesive  plaster  are  employed 
to  assist  in  the  compression  of  the  lung. 

Pneumothorax  Method. — Still  another  ingenious  method  of  causing  the  lung 
to  collapse  is  the  artificial  production  of  pneumothorax  by  the  injection  of  nitro- 
gen, as  recommended  first  by  Forlanini,  later  by  Murphy  and  Brauer.  If  one 
could  be  certain  of  causing  collapse  of  the  lung  at  the  site  of  the  disease,  this 
method  would  surely  be  of  the  greatest  value ;  but  it  is  well  known  that  in  tuber- 
culosis of  the  apex  that  part  is,  as  a  rule,  bound  down  by  adhesions  which  hold 
it,  not  only  at  the  top,  but  also  at  its  periphery.  The  artificial  pneumothorax, 
therefore,  will  cause  a  collapse  of  the  healthy  portion  of  the  lung,  but  will  have 
much  less  effect  on  the  diseased  part.  Nevertheless,  the  reports  regarding  this 
method  are  favorable.  Hemoptysis  has  been  stopped  or  materially  lessened 
by  it  (compare  Le  Conte's  method  of  inducing  pneumothorax  to  control  heiimr- 
rhage  due  to  injury,  under  Treatment  of  Subcutaneous  Injuries  of  the  Lungs, 
page  535).  Of  course,  the  pneumothorax  must  be  induced  on  the  side  from 
which  the  hemorrhage  comes ;  otherwise  the  patient's  condition  will  be  rendered 
worse.  It  may  not  always  be  possible  to  ascertain  from  which  side  the  hemor- 
rhage originates.  If  the  adhesions  are  few  enough  to  permit  the  lung  to  col- 
lapse, the  cavities  in  that  lung  will  also  collapse.  The  walls  of  these  cavities 
will  come  closer  together,  and  their  contents  will  be  forced  out.  In  con- 
sequence, there  will  be  at  first  an  increase  in  the  expectation,  later  a  diminu- 
tion. 

As  the  collapsed  lung  plays  no  part  in  arterializing  the  blood,  the  right  heart 
is  obliged  to  increase  its  work  in  order  to  send  enough  blood  to  the  other  lung 
to  obtain  the  necessary  supply  of  oxygen.  In  pneumothorax  of  long  stand- 
ing, hypertrophy  of  the  right  heart  has  often  been  observed.  The  method 
36  B 
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is   therefore    contra-indicated,    if   severe    circulatory    disturbance    is    already 
present. 

Nitrogen  is  used  for  injection  into  the  pleura  owing  to  its  harmlessness  and 


FIG.  28. — APPARATUS  FOB  PRODUCING  ARTIFICIAL  PNEUMOTHORAX.  A — Brauer's  apparatus.  P,  punc- 
ture needle;  D,  stop-cock  for  manometer;  a,  tube  connecting  with  W,  water  manometer;  b,  tube  con- 
necting with  Q,  mercury  manometer.  B — Knopf's  apparatus.  A,  rubber  hose  connecting  the  two 
large  glass  tubes.  B,  tube  for  sterile  gauze  to  filter  gas.  C,  stop-cock;  when  turned  in  one  direction 
it  connects  with  tank  or  pleura;  in  other  direction  connects  with  manometer.  D,  stop-cock  for 
connection  with  manometer  while  gas  is  flowing  into  pleura.  E,  stop-cock  for  connection  with  hand 
bulb.  F,  funnel  for  filling  manometer  tube. 

because  oxygen  or  air  is  absorbed  too  rapidly  by  the  pleura  to  be  of  any  service. 
Nitrogen  is  absorbed  slowly,  and  the  longer  it  remains,  the  less  the  pleura  seems 
capable  of-  absorbing  it.  The  nitrogen  is  usually  obtained  from  a  tank.  To  in- 
ject it  the  following  apparatus,  a  number  of  modifications  of  which  also  exist, 
serves  to  measure  the  quantity  and  control  the  pressure  (Fig.  28  A).  Two 
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graduated  bottles,  each  holding  2,000  c.  c.  (2  qt.),  are  connected  by  outlets 
near  their  bases.  One  of  these  containers  is  filled  with  bichlorid  of  mercury, 
1  to  1000,  and  closed  by  a  rubber  stopper  carrying  a  glass  tube.  This  tube  is 
connected  with  the  nitrogen  tank.  As  the  nitrogen  enters  this  bottle,  the  bi- 
chlorid is  forced  into  the  second  bottle,  which  may  or  may  not  be  closed  at  tin* 
top  by  a  water  valve.  The  first  bottle,  which  is  now  filled  with  nitm^n,  is  dis- 
connected from  the  tank,  and  a  small  trocar  or  needle  is  attached.  Th,.  trocar 
or  needle  is  introduced  into  the  pleura,  and  the  second  h.,ttN -,  which  contains 
the  bichlorid,  is  raised,  so  that  this  flows  back  again  into  the  first  bottle  and 
forces  the  nitrogen  into  the  pleural  cav- 
ity. The  force  can  be  regulated  by 
holding  the  second  bottle  higher  or 
lower,  or  by  the  use  of  a  blower  con- 
nected with  the  neck  of  the  second  bot- 
tle, and  the  quantity  injected  is  read  off 
from  the  graduations  on  the  bottle.  A  FIG.  29.— EXPOSURE  or  THE  PLEURA  FOR  THE 

manometer  interposed  between  the          ™™ 

nitrogen  bottle  and  the  trocar  indicates 

the  pressure  within  the  pleural  cavity.     Figure  28,  B,   represents  Knopfs 

modification  of  the  apparatus. 

The  site  where  the  lung  is  least  affected  is  chosen  for  injection.  Sometimes, 
owing  to  adhesions,  a  new  site  has  to  be  selected.  The  first  injection  is  made 
either  through  a  needle  or  a  small  incision,  the  latter  being  chosen  to  avoid  in- 
juring the  lung.  With  the  needle,  injury  to  the  lung  can  scarcely  be  avoided, 
and  surely  not  if  the  lung  is  adherent  at  the  site  of  puncture.  We  proceed  as 
follows :  After  a  preliminary  administration  of  morphin,  an  incision  2  Vj  to  3 
cm.  (1  to  1%  in.)  in  length  is  made  under  local  anesthesia  down  to  the  inter- 
costal muscles.  These  may  be  either  cut  or  separated  bluntly.  They  are  lu-I«l 
apart  with  blunt  hooks,  and  the  pleura  is  exposed  (Fig.  29).  Through  it  one 
can  see  the  lung  move  to  and  fro,  if  it  is  not  attached.  If  the  lung  is  not  free 
at  that  site,  the  wound  is  closed  again,  and  another  attempt  is  later  made  else- 
where. If  a  suitable  place,  free  from  adhesions,  has  been  found,  the  pleura  is 
pierced  with  a  blunt  cannula,  and  the  nitrogen  is  injected  with  the  aid  of  the 
system  of  bottles  above  described.  After  the  injection  has  been  made,  the  wound 
is  carefully  sutured  air-tight.  If  possible,  the  incision  is  made  either  at  the 
side  or  front  of  the  chest  in  the  fifth  to  the  seventh  intercostal  space  to  av«»i«l 
the  necessity  of  cutting  the  external  thoracic  muscles;  the  incision,  how« 
may  be  made  anywhere.  The  nitrogen  should  be  warmed  before  it  is  introduced. 

If  a  needle  is  used  for  the  first  injection,  it  should  be  introduced  slowly 
through  the  intercostal  muscles,  until  the  thoracic  fascia  is  felt  with  the  point  of 
the  needle ;  it,  is  then  necessary  to  advance  it  only  a  short  distance  to  enter  the 
pleural  cavity.  Of  course,  there  is  always  the  risk  of  puncturing  the  lung  and 
almost  a  certainty  of  doing  so  if  there  are  adhesions  at  the  site  of  the  injection. 
Those  who  practice  this  method  claim  that  a  very  slight  injury  to  the  lung  does 
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no  harm.  Opposed  to  this  view,  however,  stands  the  fact  that  a  relatively  large 
number  of  deaths  have  occurred  after  this  method,  caused  by  air  embolism.  Fur- 
thermore, the  accidents  called  pleura-reflex  or  pleura-epilepsy  which  have  oc- 
curred after  puncture  were  doubtlessly  lighter  grades  of  transitory  air  embolism. 
The  danger  of  retrograde  infection  of  the  pleura  through  puncture  of  the  lung 
also  exists.  After  the  first  injection,  the  subsequent  injections  are  always  made 
with  the  needle. 

Some  use  large  quantities,  one  or  two  liters  (quarts),  repeating  the  injec- 
tions at  longer  intervals,  about  every  6  weeks.  Forlanini  uses  about  400  c.  c. 
(13  oz.)  at  the  .first  sitting,  injecting  every  day  or  every  other  day,  till  the  col- 
lapse is  complete.  Then  the  injection  is  repeated  every  week  or  2,  later  every 
month  or  every  2  months.  The  pneumothorax  is  kept  up  for  1  or  more  years. 

If  both  lungs  are  involved,  the  worse  of  the  2  is  chosen  for  treatment,  and  it 
has  been  found  that  the  other  lung  also  improves,  probably  owing  to  the  diminu- 
tion in  the  absorption  of  septic  material. 

The  method  is  valuable  because  it  can  be  used  even  in  advanced  cases  with 
cavities,  cases  that  are  not  fit  to  undergo  the  other  methods  of  surgical  treatment 
of  pulmonary  tuberculosis. 

Interpleural  Pneumolysia. — Among  well-advanced  cases  of  tuberculosis  of 
the  lungs,  in  a  large  percentage  there  are  such  extensive  adhesions  that  the 
pleural  cavity  is  practically,  if  not  completely,  obliterated.  The  method  of 
pneumothorax  treatment  described  above  is  evidently  not  applicable  in  those 
cases,  as  the  nitrogen  cannot  be  introduced.  Or,  if  only  a  small  portion  of  the 
pleural  cavity  is  free  from  adhesions,  the  collapse  of  the  lung  produced  by  the 
injection  of  nitrogen  will  be  too  slight  to  be  of  much  if  of  any  value.  In  many 
cases  of  pneumothorax  treatment  the  X-ray  pictures  taken  after  the  introduc- 
tion of  nitrogen  reveal  the  fact  that,  while  the  lower  part  of  the  lung  collapsed 
to  a  slight  or  fair  degree,  the  upper  portion  remained  entirely  uninfluenced. 
The  expected  obliteration  of  cavities  in  the  upper  part,  through  collapse  of  the 
lung,  therefore,  could  not  ensue  or  at  most  only  to  a  limited  degree. 

Recognizing  these  facts,  I  devised  the  operation  of  separating  intrathoraci- 
cally  the  adhesions  that  bind  together  the  visceral  and  parietal  pleura,  the 
object  of  the  procedure  being  to  enable  the  lung  to  collapse.  I  have  termed  this 
procedure  inter  pleural  pneumolysia  (from  lysis,  a  loosening,  which,  in  accord- 
ance with  Greek  usage,  is  changed  to  "lysia"  when  compounded  with  another 
word  not  a  preposition).  The  modifier  "interpleural"  is  employed  to  distin- 
guish the  method  from  that  of  separating  the  parietal  pleura  from  the  chest 
wall.  Tuffier,  for  instance,  in  resecting  the  apex,  separates  that  portion  of  the 
parietal  pleura  which  covers  the  apex  from  the  chest  wall,  but  leaves  the  parietal 
pleura  attached  to  the  visceral  pleura. 

Anesthesia  is  conducted  by  intratracheal  insufflation  or  under  differential 
pressure  by  other  methods  in  order  to  guard  against  the  possible  occurrence  of 
respiratory  accidents.  An  incision  of  ample  dimension,  about  15  cm.  (6  in.), 
is  made  in  the  sixth  or  seventh  intercostal  space  down  to  the  pleura,  and  after  all 
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hemorrhage  has  been  stopped  tin-  pleura  is  opened.  The  patient  is  now  placed 
with  the  head  low,  so  that,  if  in  tin?  rour-e  <»f  tin-  nianipiilatiun  of  the  lung  the 
contents  of  a  cavity  are  expressed,  they  may  run  into  the  mouth  and  not  into  the 
opposite  lung.  The  adhesions  between  the  2  layers  of  pleura  are  then  separated. 
This  is  accomplished  by  introducing  at  first  only  tin-  tip  of  a  finger  to  separate 
the  adhesions  in  the  immediate  vicinity  of  the  inci>ion,  the  ribs  being  held  apart 
by  retractors.  The  separation  then  proceeds  further  and  further,  until  finally 
the  whole  hand  is  introduced  into  the  chest  in  order  to  liberate  the  more  distant 
parts  of  the  lung.  In  the  course  of  this  procedure,  bands  of  adhesions  may  be 
encountered  that  are  so  dense  as  to  require  division  with  the  aid  of  scissors. 
When  the  separation  of  adhesions  has  been  complete*!,  the  hint:  will  collapse  as 
much  as  the  degree  of  its  infiltration  permits,  and  it  is  allowed  t.»  p-main  in  this 
state  of  collapse.  The  pleural  cavity  is  closed  without  drainage.  The  2  ribs 
which  have  been  spread  apart  are  brought  in  apposition  by  pericostal  sutures  of 
silk  or  chromic  gut  (Fig.  9),  the  muscles  are  sutured  with  catgut,  and  the  skin 
with  silkworm-gut.  Following  this  operation  there  is  none  of  the  pain  that  is 
often  experienced  after  the  injection  of  nitrogen  in  the  pneumothorax  treatment 
of  tuberculosis  described  above.  This  absence  of  pain  is  due  to  the  fact  that, 
although  the  collapse  of  the  lung  is  extreme,  there  is  no  tugging  on  the  pleura 
as  is  often  the  case  in  the  pneumothorax  treatment,  where  the  injected  gas 
doubtless  often  causes  sufficient  pressure  to  stretch  some  of  the  adhesions,  thus 
giving  rise  to  pain. 

If  a  cavity  in  the  lung  extends  well  to  the  pleura,  the  wall  of  this  cavity  may 
be  injured  in  the  process  of  separating  adhesions.  In  that  case  the  inspired  air 
will  gain  access  to  the  pleural  cavity  through  the  lung.  If  then,  owing  to  a 
valve-like  action  of  the  tear  in  the  wall  of  the  lung  cavity,  this  air  is  prevented 
from  returning  through  the  bronchus  as  easily  as  it  entered,  the  pleural  cavity 
will  continue  to  fill  with  air,  until  the  intrapleural  pressure  forces  it  out  be- 
tween the  2  ribs  that  have  been  separated.  In  consequence,  a  subcutaneous 
emphysema  will  result,  the  closure  of  the  skin,  as  a  rule,  preventing  the  air  from 
passing  out.  The  probability  also  exists  that  the  pleura  will  be  infected  from 
the  lung  cavity.  In  my  case,  an  injury  to  a  large  cavity  did  occur,  and 
extensive  subcutaneous  emphysema  ensued,  but  at  first  no  infection  of 
the  pleura  resulted,  the  patient's  temperature  after  the  end  of  the  first 
week  being  within  normal  range,  although  for  many  weeks  previous  it  had 
been  as  high  as  102°  or  103°  in  the  evening,  with  considerable  remissions 
in  the  morning.  Later,  however,  an  infection  manifested  itself.  This  being 
the  first  case  in  which  the  operation  was  attempted,  a  short  history  will  be  in 
order : 

Mrs.  K.  W.,  30  years  old,  has  been  coughing  for  a  long  time,  more  so  in  the  last 
2  months  than  previously.  For  5  weeks  she  has  had  daily  chills  followed  by  fever. 
She  is  very  weak,  very  anemic,  and  poorly  nourished.  Chest  expansion  poor,  espe- 
cially on  the  left  side.  Over  the  entire  left  lung  subcrepitant  rales  are  heard  both  on 
inspiration  and  on  expiration.  In  the  upper  part  bronchial  and  bronchovesicular 
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breathing  is  heard.  At  the  right  apex  are  many  inspiratory  and  expiratory  rales  and 
harsh  breathing. 

Seven  weeks  after  her  admission  to  the  hospital  the  patient  was  brought  under  my 
observation  with  the  request  that  the  pneumothorax  treatment  be  given.  On  examina- 
tion I  became  convinced  that  the  left  lung  was  adherent  to  such  an  extent  as  to  render 
that  treatment  impossible.  I  also  found  the  evidence  of  a  large  cavity  in  its  upper 
part.  A  pair  of  stereoscopic  X-ray  plates,  one  of  which  is  reproduced  in  Figure  30A, 
revealed  an  extensive  tuberculous  process  in  the  left  lung.  Between  the  fourth  and 
sixth  intercostal  space,  near  the  root,  a  large  cavity  partially  filled  with  material  is 
seen.  Marked  and  extensive  pleuritic  adhesions  are  present,  drawing  the  heart  well 
over  to  the  left.  These  adhesions  are  also  displacing  the  trachea  and  the  bronchial  tree 
well  to  the  left.  The  left  bronchus  can  be  distinctly  seen  to  be  in  direct  communica- 
tion with  the  large  cavity.  There  is  also  an  involvement  of  the  upper  and  middle  lobes 
of  the  right  lung. 

The  operation  was  performed  as  described  above  under  intratracheal  insufflation 
anesthesia.  The  lung  did  not  collapse  on  opening  the  pleura,  owing  to  dense  adhesions 
all  over  the  lung  attaching  it  to  the  parietal  pleura.  They  were  firmest  at  the  apex, 
requiring  the  use  of  scissors  at  one  place  to  liberate  the  lung.  The  collapse  of  the  lung 
was  not  complete,  owing  to  the  infiltration  of  the  organ,  which  was  most  marked 
in  the  upper  lobe.  The  surface  of  the  lung  was  studded  throughout  with  tuber- 
cles of  greater  or  less  size.  On  mopping  the  pleural  cavity  previous  to  closing  it, 
some  broken-down  tuberculous  material  was  seen  on  the  gauze  mop,  an  evidence 
that  the  cavity  in  the  lung  had  been  injured.  The  thorax  was  closed  without 
drainage. 

Soon  after  the  completion  of  the  operation  a  subcutaneous  emphysema  developed 
which  spread  rapidly  over  the  trunk,  and  after  some  time  also  involved  the  left  side 
of  the  face.  On  the  following  day  it  extended  over  the  whole  face.  The  explanation 
of  this  occurrence  is  evident.  Inasmuch  as  the  injured  lung  cavity  was  in  direct  com- 
munication with  a  bronchus,  the  inspired  air  easily  gained  access  to  the  pleural  cavity 
but,  owing  to  a  valve-like  action  of  the  lacerated  tissues,  could  not  readily  return  the 
same  way.  The  pressure  of  air  in  the  pleural  cavity,  therefore,  increased  until  the  air 
was  forced  out  through  the  wound  in  the  chest  wall  but  not  through  the  skin,  which 
had  been  adapted  more  accurately  than  the  deeper  layers. 

The  emphysema  began  to  subside  on  the  fourth  day  and  was  no  longer  visible  at 
the  end  of  2  weeks,  though  the  crackling  of  the  air  could  still  be  felt.  On  the  second 
and  third  day  after  operation  the  patient  coughed  frequently,  but  subsequently  very 
little,  the  cough  being  completely  absent  for  several  days  in  succession.  On  the  first  4 
days  occasional  marked  dyspnea  was  noted;  this  subsided  later  on.  The  temperature 
rose  at  first,  then  declined,  and  at  the  end  of  the  first  week  fluctuated  between  99° 
and  100°  F.  An  X-ray  picture  (Fig.  30b),  taken  9  days  after  the  operation,  reveals 
a  complete  collapse  of  the  left  lung,  the  pleural  cavity  being  filled  with  air.  The 
mediastinal  contents,  including  the  heart,  are  now  markedly  displaced  to  the  right. 
The  cavity  in  the  lung  can  no  longer  be  seen.  On  comparing  the  2  plates,  the  first 
impression  is  as  if  the  second  plate  had  been  reversed,  as  the  right  half  of  the  thorax, 
which  harbored  the  better  lung,  now  presents  the  hazier  picture,  while  the  more  dis- 
eased left  side,  on  account  of  the  pneumothorax,  is,  of  course,  perfectly  clear.  Toward 
the  end  of  the  second  week  the  temperature  rose  again,  and  in  the  course  of  the  third 
week  the  presence  of  a  discharge  proved  that  an  infection  had  taken  place.  After 
this  had  been  satisfactorily  evacuated,  the  temperature  dropped  again.  The  patient's 
chances  now  seemed  favorable,  but  in  the  beginning  of  the  fifth  week  a  profuse  and 
intractable  diarrhea  set  in  which  weakened  the  patient  to  such  an  extent  that  she  suc- 
cumbed within  2  days  after  its  onset. 
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FIG.  30. — A,  PULMONARY  TUBERCULOSIS.  Extensive  involvement  of  left  lung  and  involvement  of 
upper  and  middle  lobes  of  right  lung.  A  large  cavity  in  the  left  lung  near  its  root.  The  adhesions 
in  the  left  pleura  have  drawn  the  heart,  trachea,  and  bronchial  tree  well  to  the  left.  B,  NINE 
DAYS  AFTER  OPERATION  OF  INTERPLEURAL  PNEUMOLYSIA.  Left  lung  completely  collapsed.  Left 
pleura  filled  with  air.  The  mediastinal  organs  are  now  markedly  displaced  to  the  right.  The  lung 
cavity  is  no  longer  to  be  seen.  Note  the  subcutaneous  emphysema  at  the  margins  of  the  picture. 
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From  the  experience  gained  in  this  case  it  seems  that  the  most  important 
point  in  the  performance  of  the  operation  is  to  avoid  opening  a  lung  cavitv. 
Having  had  no  previous  experience  as  a  guide,  the  d*ng  juriiig  such  a 

cavity  was  not  appreciated,  but  it  seemed  to  me  that  the  matter  of  prime  impor- 
tance was  a  speedy  completion  of  the  operation.  \\Y  should,  however,  give  our 
first  consideration  to  care  in  separating  the  adhesions,  even  it  a  few  minutes 
more  are  consumed  in  operation.  If  the  site  of  the  cavity  is  as  near  to  the 
median  line  as  that  shown  in  Figure  30,  A,  we  might  even  consider  leavin-  the 
adhesions  over  that  part  of  the  lung  untouched,  as  their  presence  would  not 
prevent  the  lung  from  sinking  in  toward  the  mediastinum.  Finally,  if  we  have 
reason  to  suspect  that  a  cavity  has  actually  been  opened,  we  should  locate  the 
lesion  by  inflating  the  lung  and  close  it  with  Lemhert  Mitures  after  having 
allowed  the  lung  to  collapse. 

In  cases  where  no  injury  to  a  lung  cavity  has  occurred,  the  air  in  the  pleural 
cavity  will  doubtless  be  absorbed  in  the  course  of  time,  so  that  a  refilling  with 
nitrogen  will  be  necessary,  as  in  the  ordinary  pnenmothorax  treatment  This 
refilling  would  be  done  by  the  puncture  method  described  above. 

While  it  is  impossible  to  estimate  the  ultimate  value  of  this  procedure  from  the 
experience  gained  in  a  single  case,  yet  some  deductions  of  importance  may  be  drawn. 
In  the  first  place,  the  operation  itself  was  well  borne  by  the  very  weak  patient,  who 
was  declared  by  the  visiting  physician  of  the  hospital,  Dr.  Richard  Stein,  to  be  an 
absolutely  hopeless  case  near  death.  Furthermore,  there  were  the  marked  diminution 
of  the  cough  after  the  third  day,  the  drop  of  temperature  to  practically  a  normal  range 
in  the  second  week,  and  the  disappearance  of  the  cavity  in  the  X-ray  picture,  not  to 
speak  of  the  subjective  improvement.  I  therefore  feel  justified  in  expressing  my  opinion 
to  the  effect  that  the  operation  of  interpleural  pneumolysia  is  indicated  in  cases  of  pul- 
monary tuberculosis  where  the  ordinary  pneumothorax  treatment  would  be  indicated, 
but  where  the  extent  of  the  adhesions  is  so  great  that  it  either  cannot  be  executed  at  all 
or  would  bring  about  only  an  imperfect  collapse  of  the  lung.  In  cases  of  bronchiectaais 
a  similar  indication  would  hold  good. 

I.     HYDATIDS 

Echinococcus  of  the  lung,  which  is  recognized  either  by  means  of  an  X-ray 
picture  or  from  expectorated  material,  is  curable,  if  it  is  a  unilocular  cyst,  the 
usual  variety.  It  should  be  attacked  by  operation  whenever  the  diagnosis  is 
certain.  Probatory  puncture  should  not  be  made  on  account  of  the  danger  of 
spreading  the  disease.  The  seat  of  the  cyst  is  accurately  ascertained  by  a  radio- 
graph. The  affected  part  of  the  lung  is  exposed  by  resection  of  one  or  more  ribs. 
If  the  lung  is  adherent  to  the  pleura,  the  cyst  is  opened,  its  contents  emptied, 
and  the  cavity  tamponed.  If  there  are  no  adhesions,  the  lung  is  first  sutured  to 
the  pleura  and  is  opened  at  a  second  sitting,  when  adhesions  have  formed,  usu- 
ally about  a  week  later.  Small  cysts  may  be  completely  extirpated  and  the  lung 
sewed  up  by  deep  sutures. 

Operations  for  echinococcus  are  quite  successful,  the  failures  averaging  only 
about  10  per  cent. 
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J.     OPERATION    FOR    EMPHYSEMA    OF    THE    LUNGS 

In  cases  of  marked  emphysema  of  the  lungs,  with  a  barrel-shaped  thorax,  a 
permanent  inspiratory  position  is  maintained  by  the  calcification  of  the  costal 
cartilages.  Freund's  operation  has  for  its  purpose  the  mobilization  of  the  chest 
wall,  so  that  it  may  be  enabled  again  to  assume  the  expiratory  position.  This 
is  accomplished  by  a  bilateral  resection  of  the  upper  costal  cartilages  and  some- 
times the  adjacent  portions  of  the  ribs.  The  second,  third,  and  fourth  carti- 
lages are  regularly  removed,  rarely  the  first,  sometimes  also  the  fifth  and  sixth. 

The  operation  is  performed  in  2  or  more  sittings.  The  use  of  differential 
pressure  is  of  advantage,  as  accidental  injury  of  the  pleura  may  occur.  Differ- 
ential pressure,  however,  is  by  no  means  a  necessity,  and  the  operation  has 
often  been  performed  without  it.  An  incision,  1  to  2  cm.  (about  %  in.),  lat- 
erally to  the  border  of  the  sternum,  is  made  from  the  second  to  the  sixth  costal 
cartilage  and  deepened  down  to  the  pectoralis  major  muscle.  The  costal  car- 
tilages are  exposed  by  separating  the  fibers  of  the  pectoralis  major  muscle.  The 
perichondrium  is  incised,  and  the  cartilage  is  cut  off  subperichondrially  with 
a  small  rongeur  for  about  1  cm.  or  more  (about  %  in.).  Sometimes  the  resec- 
tion is  made  to  include  the  end  of  the  rib.  Some  surgeons  also  resect  the  pos- 
terior perichondrium  to  prevent  regeneration  of  the  cartilage,  a  procedure 
which  requires  great  care  to  avoid  injuring  the  pleura.  Others  implant  muscle 
to  prevent  the  edges  of  the  divided  cartilages  from  re-uniting,  a  flap  of  pec- 
toralis major  muscle  with  a  mesial  pedicle  being  interposed.  This  flap  is  de- 
pressed into  the  gap,  and  the  adjacent  fibers  of  the  pectoralis  are  sutured 
over  it. 

After  this  operation,  the  rigid  thoracic  walls  are  again  rendered  more 
movable,  dyspnea  is  lessened,  and  the  patient's  condition  is  improved.  How- 
ever, a  few  deaths  have  been  recorded,  the  patients  having  manifested  symptoms 
of  severe  respiratory  disturbance  after  the  operation.  Breathing  exercises  are 
indicated  after  recovery  from  the  operation. 

K.     RESECTION    OF    THE    LUNG 

Partial  resection  of  the  lung,  together  with  resection  of  the  thoracic  wall  for 
tumor  of  the  latter  extending  to  and  involving  the  lung,  has  been  done  from 
time  to  time.  The  procedure  is  described  under  Operations  for  New  Growths 
of  the  Ribs  (page  533). 

Indications. — Resection  of  larger  portions  of  the  lung  is  done  in  cases  of 
tumor  of  the  lung.  In  addition  to  tumors,  an  indication  for  resection  may  oc- 
casionally be  found  in  certain  cases  of  chronic  inflammatory  processes,  actino- 
mycosis,  and  bronchiectasis. 

Technic. — The  operation  is  performed  under  intratracheal  insufflation  or 
differential  pressure.  It  may  be  rendered  bloodless  by  passing  a  thin  elastic 
ligature  around  the  hilus  or  by  the  use  of  Friedrich's  clamp,  which  is  so  con- 
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structed  that  it  compresses  the  vessels  but  not  the  bronchia.     If  portions 
the  rim  are  to  be  resected,  a  clamp  similar  to  Doyen's  intestinal  clamp 
22)  may  be  used.     The  lung  is  resected  and  the  .-tump  sutured.    Several  such 
operations  have  been  done  successfully. 

An  entire  lobe  has  been  >n«  essfully  resected  by  Gluck  with  the  aid  of  a 
clamp  applied  at  its  root  and  a  ligatun-  ;it  th«  nte  of  the  clamp.  As  a  rule, 
however,  where  entire  lobes  are  removed,  the  patient-  die  from  mediastinit 
rnediastinal  emphysema.  These  complications  arise  from  the  retraction  of  the 
stump  of  the  bronchus  into  the  mediastinum,  after  the  ligature*  has  cut  through 
the  bronchus.  The  closure  of  the  bronchus  is  not  reliable.  There  are  various 
methods  of  closing  it.  Garre  leaves  a  portion  of  lung  tissue  attache.)  to  the 
bronchus  and  sutures  it  over  the  stump.  Tiegel  and  Friedrich  resect  or  burn 
the  mucosa  ami  suture  the  end.  Willy  Meyer  crushe>  the  hronchus,  li^ates  it, 
invaginates  the  tied  end,  and  covers  it  by  additional  sutures. 

For  the  amputation  of  the  lower  lobe  an  incision  in  the  sixth  intercostal 
space  gives  good  access.  The  lobe  is  isolated  from  the  n  he  pleura  by 

tampons  and  is  drawn  forward  to  expose  the  root.  The  vessels  are  isolated  and 
tied.  The  bronchus  is  divided  as  far  distally  from  the  hi  Ins  as  possible  and 
closed  in  one  of  the  above-mentioned  ways.  The  remaining  part  of  the  lung  is 
inflated  on  closing  the  thorax  to  dispel  the  pneumothorax  as  much  as  possible. 

In  resection  of  the  lung  for  inflammatory  disease,  isolation  of  the  separate 
structures  cannot  be  done,  nor  is  it  necessary.  The  remaining  lung  and  pleura 
in  those  cases  are  apt  to  be  separated  from  the  field  of  operation  by  thick  pleural 
adhesions.  The  resection  proceeds  gradually  from  the  periphery  toward  the 
hilus,  and  there  the  lung  tissue,  the  bronchus,  and  the  vessels  are  tied  by  a  mass 
ligature.  The  bronchus  here  will  not  recede  into  the  mediastinum. 


OPERATIONS   ON   THE   BRONCHI 

A.     SUTURE    OF    THE    BRONCHUS 

Suture  of  the  bronchus  may  become  necessary  on  account  of  injury  or  after 
incision  for  the  removal  of  foreign  bodies.  The  sutures  should  not  include  the 
mucosa,  preferably  only  the  peribronchial  tissue.  Interrupted  silk  sutures  are 
used.  Tiegel  recommends,  as  the  mode  of  access,  an  incision  in  the  second  inter- 
costal space,  made  as  long  as  possible,  and  division  of  the  third  rib  posteriorly, 
after  which  the  ribs  are  spread  apart.  The  upper  lobe  is  then  turned  down  into 
the  anterior  part  of  the  pleural  cavity,  so  that  the  posterior  surface  of  the  hilus 
is  exposed.  As  the  bronchus  lies  behind  the  vessels,  it  is  best  reached  from  the 
posterior  aspect.  In  case  of  a  complete  transverse  tear  of  the  bronchus,  the  an- 
terior portion  would  be  sutured  first,  then  the  posterior.  The  principle  of  the 
Lembert  intestinal  suture  is  followed,  inverting  a  small  edge  of  the  bronchus. 
For  longitudinal  sutures,  Tiegel  recommends  reefing  a  considerable  amount  of 
peribronchiartissue  in  the  end  sutures  and  placing  a  margin  of  lung  tissue  over 
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the  suture  line.     The  ends  of  the  above-mentioned  terminal  sutures  serve  to 
hold  down  the  piece  of  lung  tissue. 

Torek,  in  the  course  of  a  resection  of  the  esophagus  for  carcinoma  which  was 
attached  to  the  bronchus,  cut  into  the  bronchus,  making  an  opening  about  2% 
cm.  (1  in.)  in  length.  This  was  closed  with  interrupted  silk  sutures,  the  aorta 
being  drawn  aside.  The  wound  healed  without  any  untoward  symptoms. 
Neither  pneumothorax  nor  infection  followed,  nor  did  mediastinal  emphysema 
occur,  although,  of  course,  the  mediastinum  was  open. 

B.     FOREIGN   BODIES   IN   THE    BRONCHI 

If  the  efforts  to  remove  a  foreign  body  with  the  aid  of  the  bronchoscope  fail, 
it  becomes  necessary  to  attempt  its  removal  by  bronchotomy.  The  approach  is 
from  behind,  as  the  vessels  lie  farther  forward  than  the  bronchus.  In  one  case 
the  fifth  to  the  eighth  ribs  were  resected  posteriorly,  and  in  another  case  an 
osteoplastic  flap  embracing  the  same  4  ribs  was  raised.  Again,  in  a  case  where 
the  foreign  body  had  descended  still  further,  it  was  reached  by  the  combined 
use  of  the  bronchoscope  and  thoracotomy  through  the  seventh,  eighth,  and  ninth 
ribs.  The  method  of  closing  the  incision  in  the  bronchus  is  described  under 
Suture  of  the  Bronchus.  If  an  abscess  of  the  lung  complicates  the  condition, 
it  is  drained. 

C.     POSTERIOR  BRONCHOTOMY  FOR  RETROGRADE  RESPIRATION 

This  procedure  was  recommended  by  Gluck  for  deep-seated  obstruction  to 
respiration.  He  recommends  the  following  procedure :  A  flap  from  the  fourth 
to  the  ninth  intercostal  space  is  made,  the  arm  being  raised  as  high  as  possible, 
in  order  to  move  the  scapula  away  from  the  spine.  Then  the  fifth  to  the  ninth 
ribs  are  resected  at  their  angles  to  the  extent  of  about  2  cm.  (1  in.)  each,  and 
the  soft  parts  corresponding  to  the  area  of  the  resected  ribs  are  divided  from 
above  downward.  Then  intercostal  incisions  are  made  in  the  fourth  and  ninth 
spaces,  and  a  flap  is  reflected  outward  together  with  the  ribs,  which  are  frac- 
tured. The  bronchus  is  found  about  7  cm.  (3  in.)  deeper  than  the  ribs.  Its 
incision  would  enable  the  patient  to  breathe  through  the  bronchus.  The  opera- 
tion has  been  tried,  unsuccessfully,  in  a  case  of  aneurysm  of  the  aorta  causing 
asphyxia.  As  a  substitute  for  this  operation,  Kiittner  recommends  making  a 
lung  fistula  with  entrance  into  one  of  the  larger  bronchi,  preferably  the  main 
bronchus  of  one  lobe. 

D.     BRONCHOLYSIS 

After  his  failure  with  posterior  bronchotomy,  just  described,  Gluck  operated 
successfully  in  another  case  of  asphyxia  due  to  compression  of  the  bronchi  by 
an  aortic  aneurysm.  He  resected  12  cm.  (5  in.)  of  the  seventh  and  eighth  ribs, 
when  the  pleura  was  injured  and  the  patient  collapsed.  The  lung  was  grasped. 
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drawn  forward,  and  securely  attached  to  the  pleura  by  sutures.  The  patient, 
who,  previous  to  the  operation,  was  partly  unconscious  owing  to  asphyxia,  was 
able  to  breathe  deeply  after  the  operation.  ( i luck's  explanation  of  this  result  is 
that  the  traction  on  the  lung,  made  permanent  by  the  pneumopexy,  released  the 
1  bronchus  out  of  its  embrace  by  the  aorta — in  other  words,  the  compression  of 
the  bronchus  was  relieved  by  broncholysis. 


OPERATIONS  ON  THE  MEDIASTINUM 

Anatomical  Points. — The  2  pleurae  do  not  meet  in  the  middle  of  the  thorax, 
but  leave  a  space  called  the  mediastinum.  Although  this  is  a  single  space,  it  U 
described,  for  practical  reasons,  as  being  divided  into  2  parts  called  respectively 
the  anterior  and  the  posterior  mediastinum.  The  imaginary  plane  dividing 
them  is  a  frontal  plane  tangent  to  the  posterior  border  of  the  trachea  and 
bronchi.  In  the  anterior  mediastinum,  therefore,  we  have  the  thymus,  the  arch 
of  the  aorta,  the  pulmonary  artery,  the  superior  vena  cava,  the  innominate 
veins,  the  phrenic  nerves,  the  trachea,  and  the  bronchi.  The  posterior  mediasti- 
num contains  the  esophagus,  the  thoracic  aorta,  the  azygos  and  hemiazygos 
veins,  the  vagi,  the  sympathetic  nerves,  and  the  thoracic  duct.  The  heart  lies 
in  both  the  anterior  and  the  posterior  mediastinum. 

A.     ANTERIOR  MEDIASTINOTOMY 

The  anterior  mediastinum  is  entered  for  the  purpose  of  draining  abscesses 
and  for  removing  tumors.  The  operation  may  also  be  indicated  in  cases  of 
enlargement  of  the  thymus  gland.  In  a  few  instances  dermoid  cysts  have  been 
successfully  removed  after  resection  of  the  sternum.  The  most  frequent  tumors 
in  the  anterior  mediastinum  are  the  retrosternal  goiters  (see  chapter  on  Thy- 
roid Gland). 

Abscesses  in  the  anterior  mediastinum,  often  in  connection  with  phlegmon- 
ous  processes  in  the  neck,  caused  by  foreign  bodies  in  the  pharynx  or  esophagus, 
are  treated  by  extensive  incisions  in  the  neck  and  resection  of  the  costal  carti- 
lages corresponding  to  the  location  of  the  abscesses.  Partial  resection  of  the 
sternum  may  be  necessary  to  reach  a  mediastinal  abscess.  If  the  sternum  has 
to  be  resected  for  abscess,  the  resection  is  an  atypical  one  and  consists  in  sub- 
periosteal  removal  of  a  portion  of  the  sternum  by  means  of  gouge,  mallet,  and 
rongeiir.  After  a  sufficient  portion  of  bone  has  been  removed,  the  post. 
periosteum  is  incised  carefully.  Usually  the  pus  will  be  at  once  apparent:  if 
not,  it  is  cautiously  searched  for,  exercising  particular  care  to  avoid  injury  t«» 
the  great  vessels.  Negative  differential  pressure  aids  in  the  evacuation  of  the 
pus  and  is  superior  for  this  purpose  to  positive  pressure  or  intratracheal  insuf- 
flation. The  use  of  rubber  drainage  tubes  in  the  vicinity  of  the  large  vessels  is 
dangerous,  as  injury  to  the  walls  of  those  vessels  may  result  If  rubber  tubes 
are  used,  they  must  be  well  protected  by  gauze. 
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Resection  of  the  Sternum. — For  the  removal  of  tumors  in  the  anterior  medi- 
astinum an  osteoplastic  resection  of  the  manubrium  may  be  performed.  The 
resection  of  a  large  portion  of  the  sternum  is  an  operation  of  considerable  mag- 
nitude, as  it  may  be  complicated  on  the  one  hand  by  hemorrhage  either  from 
the  internal  mammary  artery  and  its  branches  or  from  the  veins  which  are  par- 
ticularly apt  to  be  dilated  in  cases  of  new  growths,  or,  on  the  other  hand,  by 
the  danger  of  injuring  both  pleurae.  For  the  latter  reason  the  operation  should 
be  undertaken  under  differential  pressure  or  intratracheal  anesthesia. 

Resection  of  the  manubrium  is  more  difficult  than  that  of  the  body  of  the 


FIG.  31. — KOCHER'S  OSTEOPLASTIC  RESECTION  OF  THE  STERNUM. 

over  to  the  right  side. 


The  manubrium  has  been  turned 


sternum  (Fig.  31).  Kocher  recommends  the  performance  of  an  osteoplastic 
resection  of  the  manubrium.  An  incision  is  made  from  the  mesial  end  of  the 
right  clavicle  to  the  mesial  end  of  the  left  clavicle,  thence  downward  to  a  little 
below  the  second  left  costal  cartilage,  and  back  again  to  a  corresponding  place 
below  the  second  right  costal  cartilage.  The  upper  transverse  incision  is  deep- 
ened down  to  the  bone,  separating  the  capsule  of  the  sternoclavicular  joint  and 
the  sternocleidomastoid  muscle  on  each  side  from  the  bone.  In  the  depth  of 
this  cut  the  insertion  of  the  sternohyoid  and  sternothyreoid  muscles  is  also  di- 
vided. Now,  the  left  sternoclavicular  articulation  is  completely  opened  and 
divided  down  to  the  first  costal  cartilage;  then  the  second  costal  cartilage  is 
exposed  and  divided  close  to  the  sternum,  after  which  the  first  costal  carti- 
lage is  also  divided  subperichondrially  and  the  remainder  of  the  capsule  of 
the  sternoclavicular  joint  is  cut  through.  The  manubrium  is  now  raised  with  a 
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sharp  hook  to  liberate  its  posterior  surface  and  to  divide  it  transversely  from 
the  body  of  the  sternum.  The  elevation  of  the  manubrium  is  carefully  con- 
tinued, and  the  cartilages  on  the  nther  side  are  broken. 

If  the  object  is  to  make  not  a  temporary,  but  a  permanent  resection  of  the 
manubrium,  the  skin  flap  is  separated  from  the  bone  at  the  beginning  of  tin- 
operation,  and  the  bone  is  afterward  removal. 

Another  method  of  exposing  the  mediastinum  is  by  splitting  the  sternum  in 


FIG.  32. — SAUERBRUCH'S  LONGITUDINAL  MEDIASTINOTOMT. 

sternum. 


The  fingers  are  introduced  behind  the 


its  entire  length  in  the  median  line.  Still  another  method  is  the  transverse 
division  of  the  sternum  at  the  upper  border  of  the  third  rib  and  extension  of 
the  incision  outward  for  10  to  12  cm.  (4  to  5  in.)  in  the  second  intercostal 
space  on  each  side,  care  being  exercised  to  avoid  injury  to  the  pleura.  The 
costal  cartilages  above  and  below  the  incision  are  divided  3  cm.  (l1/^  in.)  from 
the  borders  of  the  sternum,  that  is,  laterally  to  the  internal  mammary  arteries. 
The  2  halves  of  the  sternum  are  drawn  upward  and  downward  to  expose  the 
mediastinum.  In  the  further  course  of  the  operation  the  pleunr  will  usually 
be  injured,  but  it  is  well  to  keep  them  intact  as  long  as  possible.  A  similar 
incision,  either  at  the  level  of  the  third  or  fourth  intercostal  space,  gives  good 
access  to  the  base  of  the  heart. 
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Sauerbruch  recommends  as  a  method  of  access  an  incision  in  the  median 
line  dividing  the  sternum  from  its  upper  border  down  as  far  as  the  level  of  the 

third  rib,  thence  turning  out  into  the  third 
intercostal  space.  The  skin  incision  runs 
in  the  median  line  from  the  cricoid  carti- 
lage to  the  level  of  the  .third  rib,  then  turn- 
ing into  the  intercostal  space.  In  the  neck 
the  soft  parts  are  divided  down  as  far  as 
the  sternohyoid  muscles ;  over  the  sternum 
the  incision  goes  down  to  the  bone.  At  the 
intercostal  space  the  fibers  of  the  pector- 
alis  major  muscle  are  separated  close  to 
the  sternum,  the  internal  mammary  artery 
and  vein  are  tied  and  divided,  and  the 
pleura  is  exposed.  The  sternohyoid  mus- 
cles are  separated  bluntly,  and  the  index 
finger  is  cautiously  inserted  into  the  depth 
close  to  the  posterior  surface  of  the  ster- 
num (Fig.  32).  The  other  index  finger  is  interposed  between  the  separated 
fibers  of  the  pectoralis,  the  pleura  is  carefully  pushed  to  the  lateral  side,  and 
the  finger  is  insinuated  further  into  the  mediastinum,  keeping  close  to  the 


A  B 

FIG.  33. — A,  B,  Two  KINDS  OF  SCHUMACHER'S 
STERNUM  SHEARS. 


FIG.  34. — SAUERBRUCH'S  LONGITUDINAL  MEDIASTINOTOMT  COMBINED  WITH  TRANSVERSE  DIVISION 

OF  THE  STERNUM. 

sternum  until  the  fingers  meet.  Thus  the  great  vessels  are  separated  from  the 
sternum  and  protected  against  injury,  when  the  bone  is  cut.  While  the  2 
fingers  are  under  the  sternum  we  may  be  able  to  make  out  whether  the  tumor 
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is  operable  or  not,  and  we  decide  whether  to  leave  the  bone  intact  or  to  divide 
it  for  extirpation  of  the  tumor,  or,  in  case  of  inoperahilit y.  wlu-ther  we  should 
resect  a  large  piece  of  the  sternum  in  order  to  expose  the  tumor  subsequently 
to  the  X-rays.  The  division  of  the  bone  is  done  und«-r  the  guidance  of  tin- 
finger  with  a  special  bone  cutter  (Fig.  33,  A).  Tin-  rut  edges  of  the  bone  are 
covered  with  gauze  compresses  and  drawn  apart,  wlii-n  tin-  Mrurtures  of  the 
mediastinum  will  be  exposed  to  view. 

Still  better  access,  though  rarely  necessary,  is  obtained  by  dividing  the 
sternum  transversely  across  at  the  lower  end  of  the  longitudinal  in.  i^ion  (Fig. 
34).    This  is  readily  done  with  the  aid  of  appropriate  bone-cutting  shears 
33,  B),  care  being  taken  not  to  injure  the  pleura.     <  >n  removing  th«-  tumor,  all 
its  vessels,  whether  arteries  or  veins,  must  be  carefully  li-a'- 
bone  is  reunited  with  strong  silk  sutures  and  the   -kin    i-   .-utun-d    without 
drainage. 

The  operations  on  the  pericardium  and  heart  are  described  in  a  separate 
chapter. 

B.     POSTERIOR   MEDIASTINOTOMY 

Indications. — Various  indications  have  been  given  for  the  performance  of 
posterior  mediastinotomy.  One  of  these  is  the  presence  of  foreign  bodies  in 
the  intra  thoracic  portion  of  the  esophagus.  If  one  considers  the  great  success 
achieved  by  esophagoscopy  in  removing  even  such  bodies  as  sharp  pieces  of  bone 
and  sets  of  artificial  teeth  (see  Vol.  Ill,  Chap.  X),  posterior  mediastinotomy 
with  its  great  dangers  will  scarcely  be  attempted,  except  when  other  methods 
have  failed. 

Another  indication  is  stricture  of  the  esophajgus  in  its  intrathoracic  portion. 
Posterior  mediastinotomy  has  been  tried  for  this  purpose  (Rehn,  Potarca), 
but  as  yet  no  successful  case  has  been  reported.  The  treatment  of  esophageal 
stricture  is  described  under  Introduction  of  Sounds  and  Esophagotomy. 

Tumors  of  the  esophagus  seemed  to  present  an  important  indication  for 
posterior  mediastinotomy.  This  has  been  attempted  (Rehn),  but  with  a  fatal 
outcome.  For  the  methods  of  resecting  the  esophagus  in  its  intrathoracic  por- 
tion, see  under  the  corresponding  heading  (page  510). 

A  clear  indication  for  posterior  mediastinotomy  is  found  in  abscess,  whether 
caused  by  perforation  of  the  esophagus  through  neglected  foreign  bodies  or 
disease  of  the  lymphatic  nodes  or  vertebrae.  Tiegel  has  also  cured  a  case  of 
mediastinal  emphysema  by  cervical  mediastinotomy  combined  with  the  use  of 
a  Bier  suction  cup,  the  suction  being  made  continuous  by  the  attachment  of  the 
cup  to  a  water  pump. 

Technic. — There  are  2  ways  of  attacking  this  region,  cervical  and  dorsal 
mediastinotomy.  The  2  may  also  be  combined.  For  exposing  the  upper  part 
of  the  posterior  mediastinum,  cervical  mediastinotomy  will  answer.  It  is  the 
easier  procedure,  beside  being  less  dangerous.  It  affords  access  as  far  down  as 
the  third  dorsal  vertebra. 
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CEEVICAL  MEDIASTINOTOMY. — Cervical  mediastinotomy  may  be  per- 
formed on  either  side  of  the  neck.  If  a  phlegmon  points  on  one  side,  or  if  a 
sinus  exists,  there  will,  of  course,  be  no  doubt  on  which  side  we  should  enter. 
If  no  sinus  exists  and  there  is  no  distinct  evidence  of  phlegmon,  the  patient  is 
placed  in  Trendelenburg's  position  for  some  time,  and  an  area  of  redness  over 
one  clavicle  may  then  be  seen,  indicating  on  which  side  the  incision  should  be 
made.  The  incision  is  made  above  the  clavicle,  parallel  to  it,  dividing  the 
clavicular  attachment  of  the  sternocleidomastoid  muscle.  Then  the  operation 
proceeds  into  the  depth  above  the  sternoclavicular  articulation.  On  the  left 
side  Heidenhain  recommends  going  down  on  the  lateral  side  of  the  carotid 
artery  and  jugular  vein;  on  the  right  side,  between  them.  v.  Hacker  prefers 
going  down  on  the  mesial  side  of  the  vessels.  The  localization  of  the  phlegmon 
will  probably  determine  the  path  to  select  in  the  individual  case.  If  rubber 
drains  are  used,  they  must  be  protected  by  gauze  to  prevent  injury  to  the  vessels. 
To  promote  drainage,  the  dependent  position,  Trendelenburg's  posture,  is  main- 
tained. 

DOESAL  MEDIASTINOTOMY. — Dorsal  mediastinotomy  is  to  be  performed 
in  those  cases  in  which  the  seat  of  the  abscess  cannot  possibly  be  reached  from 
the  neck,  and  also  where  cervical  mediastinotomy  has  failed.  In  the  latter  case 
the  operation  will  be  a  combination  of  cervical  and  dorsal  mediastinotomy. 
Several  cases  have  been  cured  by  this  method.  If  an  external  sinus  exists  in  the 
neck,  communicating  with  the  abscess,  the  lower  border  of  the  abscess  may  be 
determined  by  injecting  a  bismuth  mixture  and  taking  a  radiograph.  This  will 
demonstrate  the  site  where  dorsal  mediastinotomy  should  be  performed.  It  con- 
sists in  resecting  the  posterior  ends  of  a  number  of  ribs  between  their  angles 
and  the  vertebra.  It  may  be  performed  on  either  side  of  the  spine.  On  the 
left  side  the  aorta  is  a  troublesome  obstacle,  on  the  right  side  the  pleura.  The 
difficulties  are  great  either  way,  yet  it  seems  that  the  right  side  is  preferred 
for  the  approach. 

Rehn  has  entered  through  a  longitudinal  incision  midway  between  the 
spinous  processes  of  the  vertebrae  and  the  mesial  border  of  the  right  scapula. 
The  incision  is  carried  down  to  the  ribs,  3  or  4  of  which  are  resected  subperi- 
osteally,  several  cm.  (1  in.  or  more)  of  their  mesial  ends  being  removed.  The 
intercostal  muscles,  nerves,  and  vessels  are  divided,  the  latter  being  first  doubly 
ligated.  Great  care  must  be  exercised  on  proceeding  into  the  depth.  One  should 
keep  rather  close  to  the  lateral  surfaces  of  the  bodies  of  the  vertebrae,  carefully 
avoiding  injury  to  the  sympathetic  nerve  and,  if  the  esophagus  is  the  aim  of 
approach,  separating  the  right  vagus  nerve  and  the  azygos  vein  from  it.  The 
latter  may  be  tied.  Injury  to  the  pleura  has  often  occurred  and  has  caused 
death  through  infection. 

Heidenhain  has  shown  how  to  avoid  this  great  danger,  the  injury  to  the 
pleura.  His  incision  is  close  to  the  median  line.  The  soft  parts  are  resected 
from  the  right  sides  of  the  arches,  until  the  transverse  processes  of  the  vertebrae 
appear.  Sometimes  a  transverse  incision  through  the  muscles  is  added.  NOTV 
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one  or  more  transverse  processes  are  reflected  t. Aether  with  the  initial  |M.rti<ui< 
of  the  corresjMHidin-  ribs.      The   fcranmm   JM^CSSCH  are  divided   with   |*>iu» 
shears,  and  the   ribs  are  liberated  subperiosteally  and  cut  jii.-t   U-\,,nd   their 
tubercles.     This  method,  a  combination  <>!'  the  removal  of  the  transverse  j 
esses  with  resection  of  the  ribs,  trans]>osei  the  --..t  of  open  titan  .  th.- 

median   line  and  thus  avoids  injury  to  the  ph-ura.      The  operat  ..llcd 

costotransversectomy.  After  careful  division  of  the  peri«.>tenni.  the  finger  can 
enter  the  mediastinum  to  the  necessary  depth,  about  10  mi.  i  1  UL),  and  tin- 
pleura,  together  with  the  thin  endothoracic  fascia,  can  be  pushed  aside  with  a 
minimum  of  danger.  If  the  diagnosis  was  correctly  made,  the  finger  enter- 
the  abscess  at  the  lateral  and  anterior  surface  of  the  bodies  of  the  vert. 
Even  the  removal  of  a  single  transverse  process  and  the  adjoining  portion  of  rib 
suffices  to  gain  entrance  into  the  mediastinum,  whieh,  in  case  of  abscess,  is  of 
particular  value.  In  abscess  due  to  tuberculosis  of  the  spine,  •  .  picture 

shows  which  transverse  process  or  processes  should  be  attacked.      Pieces  of 
necrotic  bone  may  thus  be  removed. 

Kocher  has  modified  Heidenhain's  costotransversectomy  by  making  a  trans- 
verse incision  outward  and  downward  through  the  muscles  in  the  course  of  the 
rib  to  be  resected.  The  bleeding  is  less  than  that  experienced  in  dissecting  the 
muscles  from  the  spinous  processes  and  arches  in  Heidenhain's  method.  Th- 
transverse  division  does  no  harm  to  the  muscles,  as  they  are  amply  supplied  with 
nerves. 
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CHAl'TKK     XII 

SURGERY    OF    THE    PERICARDIUM    AND    HEART 
EUGENE  H.  POOL 

Kehn,  in  1896,  demonstrated  the  possibility  of  successful  operative  interven- 
tion in  wounds  of  the  heart;  cardiac  surgery  then  passed  beyond  the  experi- 
mental stage.     Since  that  time  the  technic  of  cardiurrhaphy   h. 
materially,  but  the  practical  application  of  surgery  t«»  the  heart  has  not  been 
extended  beyond  the  treatment  of  wounds. 

As  a  result  of  the  development  of  differential  pressure,  thoracic  surgery 
has  made  striking  advances  in  recent  years  and  experimental  work  upon 
the  heart  and  great  vessels  has  been  entered  into  with  renewed  enthusiasm. 
The  correction  of  interference  with  the  mechanism  of  the  heart  through  valvu- 
lar disease  is  the  dream  of  most  experimenters,  but  the  impaired  condition  of 
the  patient  and  the  dangers  of  hemorrhage  and  infection  will  be  strong  drt«-r- 
rent  factors  in  the  application  to  man  of  valvular  surgery.  It  is  at  present 
impossible  to  foresee  the  practical  utilization  of  the  ingenious  procedures 
that  have  been  applied  more  or  less  successfully  in  the  experimental  surgery 
of  the  heart. 

The  pericardium,,  as  a  closed  sac  enveloping  the  heart,  presents  well-defined 
indications  for  surgery,  such  as  the  removal  or  drainage  of  inflammatory  exu- 
dates,  the  relief  of  a  heart  restricted  by  an  adherent  pericardium,  the  treatment 
of  wounds,  and  the  removal  of  foreign  bodies.  But  the  possibilities  of  im- 
mediate radical  advances  in  connection  with  the  surgery  of  the  pericardium 
appear  limited.  In  the  following  consideration  of  the  surgery  of  the  heart 
and  pericardium  experimental  work  will  not  be  discussed  at  length ;  it  ap- 
pears unwarranted  in  a  practical  work  to  enter  deeply  into  this  phase  of  the 
subject. 

ANATOMY   OF    THE   PERICARDIUM   AND    HEART 

The  Pericardium. — The  heart  and,  for  a  distance  of  about  5  cm.,  the  first 
segment  of  the  large  blood-vessels  are  inclosed  in  a  serous  sac,  which,  like  other 
serous  sacs,  is  composed  of  2  layers,  the  visceral  and  parietal.  The  parietal 
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layer  is  strengthened  by  an  outer  fibrous  layer.  The  serous  sac  and  its  fibrous 
covering  together  constitute  the  pericardium.  The  pericardium  is  somewhat 
conical  in  shape,  the  broad  base  of  the  cone  resting  upon  the  diaphragm,  the 
apex  pointing  upward.  The  fibrous  layer  or  sac  is  in  part  incorporated  with 
the  fibers  of  the  central  tendon  of  the  diaphragm  and  is  loosely  attached  to  the 
adjacent  part  of  the  diaphragm,  extending  further  into  the  left  than  into  the 
right  side  of  the  thorax.  Above,  it  blends  with  the  fibrous  sheaths  of  the  great 
vessels.  The  fibrous  sac  is  resistant  and  rather  inelastic,  which  explains  the 


A  — 


E  ---V 


FIG.  1. — TRANSVERSE  SECTION  THROUGH  THORAX  OF  2%  YEAR  OLD  CHILD  (Corning).  A,  V.  azy- 
gos;  B,  aorta;  C,  esophagus;  D,  phrenic  nerve;  E,  mediastinal  pleura;  F,  anterior  reflexion  of 
pleura;  G,  pericardium. 


serious  disturbance  of  the  heart  action  which  may  result  from  the  rapid  and 
extensive  accumulation  of  fluid  within  the  pericardium. 

The  serous  layer  lines  the  entire  pericardial  cavity.  At  the  base  of  the 
heart  it  is  reflected  from  the  fibrous  layer  on  to  the  vessels,  thence  over  the  sur- 
face of  the  heart  which  it  closely  invests.  This  layer  incloses  the  aorta  and 
pulmonary  artery  in  a  single  sheath.  The  remaining  vessels  do  not  receive 
complete  coverings.  The  inferior  vena  cava  has  only  a  slight  covering ;  it  enters 
the  right  auricle  almost  immediately  after  penetrating  the  diaphragm.  The 
superior  vena  cava  is  covered  on  its  anterior  surface.  Small  niches  on  the  right 
and  left  side  correspond  to  the  pulmonary  veins.  There  is  a  gap  or  cleft  be- 
tween the  aorta  and  pulmonary  artery  in  front  and  the  auricles  behind,  which  is 
known  as  the  transverse  pericardial  sinus.  The  lowest  point  of  the  pericardium 
is  in  relation  with  the  anterior  thoracic  wall  below  the  base  of  the  xyphoid 
process ;  the  pericardium  is  here  reflected  from  the  diaphragm  to  the  sternum, 
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leaving  a  gap  which  is  not,  filled  1,\   i|,,.  h,-.,rt  |>ut  contain*  a  Miiull  aium, 
clear  fluid.     With  this  exception,  the  periatrdhnn  in  tin-  living  subject  in  lilled 
by  the  heart,  the  2  serous  surfaces  being  in  contact  during  the  eutire  ca 
cycle. 

The  pericardium  has  been  divided  into  diaphrajrn.ati.-.  m.-dia-tinal,  and 
sternocostal  portions,  according  to  the  relatim,  Q|  f|M.  parietal  ].,%.  r  t<»  adjacent 
structures.     The  sternocostal   portion,  although  tin-  small.M,  i>  Mir-i'-ali 
most  important.     This  small  portion  of  the  anterior  .surface  is  I.  vered 

by  pleurae  and  lungs  and  is  in  contact  with  the  anterior  tlmrari.-  wall  in  an 
area  outlined  by  the  2  divergent  anterior  limits  of  the  plenne.  Laterally,  tin- 
pericardium  is  in  contact 

with    pleura ;    a    phrenic  /  V  G 

nerve  passing  downward  on 
each  side  on  its  outer  sur- 
face. Posteriorly,  the  peri- 
cardium is  in  contact  with 
the  roots  of  the  lungs, 
esophagus,  and  aorta. 

The  blood  supply  of  the 
pericardium  is  derived 
chiefly  from  the  aorta,  but 
the  internal  mammary  ar- 
tery gives  off  branches  to 
the  anterior  surface.  The 
veins  accompany  the  ar- 
teries and  enter  the  azygos 
and  internal  mammary 
veins  and  superior  vena 

cava.  The  nerve  supply  of  the  pericardium  is  chiefly  derived  from  the  left 
phrenic  nerve,  supplemented  by  the  right  phrenic,  the  pneumogastrics,  and 
sympathetic.  The  lymphatics  enter  the  mediastinal  nodes. 

The  pericardiosternal  ligaments  attach  the  pericardium  above  and  below  to 
the  manubrium  and  ensiform  process  of  the  sternum:  the  pericanliovertebral 
ligaments  pass  from  the  prevertebral  fascia  to  the  apex  of  the  sac,  while  the 
pericardiophrenic  ligaments  extend  from  its  posterior  surface  to  the  upper  sur- 
face of  the  diaphragm. 

The  Heart. — The  heart,  inclosed  in  the  pericardium,  lies  in  the  medi;t 
portion  of  the  thoracic  cavity  between  the  2  lungs  and  their  pleural  < 
It  is  conical  in  shape  and  occupies  an  oblique  position.    The  base,  corresponding 
to  the  level  of  the  sixth,  seventh,  and  eighth  dorsal  vertebra*,  is  directed  upward, 
backward,  and  to  the  right.     The  apex  is  directed  forward,  downward,  and  to 
the  left ;  it  normally  lies  beneath  a  point  in  the  fifth  intercostal  space  about  9 
cm.  (31/2  in.)  from  the  midline.     At  its  base  the  heart  is  connected  with  the 
great  vessels  which  render  this  portion  relatively  fixed,  while  the  remainder, 


FIG.  2. — FRONTAL  SECTION  THROUGH  THORAX  (Corning) .      \ 
Costal    pleura;    B,    mediastinal    pleura;    ('.    diaphragmatic 
pleura;  D,  pericardium;  G,  mediastinum. 
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from  base  to  apex,  lies  free  within  the  pericardia!  sac.  The  anterior  surface  is 
convex  and  is  directed  upward  and  forward  toward  the  chest  wall ;  the  inferior 
or  posterior  surface  is  flattened  and  rests  upon  the  diaphragm.  The  surfaces 
are  united  anteriorly  (or  inferiorly)  and  to  the  right  by  a  sharp  border  and 
posteriorly  (or  superiorly)  and  to  the  left  by  a  thick  rounded  border. 

The  4  compartments  which  comprise  the  heart  vary  greatly  in  the  structure 
of  their  walls  and  in  their  relationship  to  the  chest  wall.  The  left  ventricle, 
conical  in  shape,  forms  the  apex,  left  border,  a  small  part  of  the  anterior  sur- 
face, and  a  large  part  of  the  inferior  surface  of  the  heart.  The  thickness  of  its 
wall  is  approximately  1.6  cm.  at  the  middle  of  the  cavity.  The  right  ventricle 
forms  the  greater  part  of  the  anterior  surface  of  the  heart,  the  acute  anterior 
margin  and  part  of  the  inferior  surface,  but  none  of  the  apex.  Its  wall  is 
normally  0.4  to  0.6  cm.  in  thickness,  that  is,  about  %  the  thickness  of  the  wall 
of  the  left  ventricle.  The  auricles,  situated  at  the  base,  have  extremely  thin 
walls,  approximately  1/12  to  %  in.  in  thickness;  from  each  auricle  projects  a 
tongue-like  process,  the  auricular  appendix. 

The  limits  of  the  ventricles  are  evidenced  superficially  by  furrows,  the 
interventricular  grooves,  1  on  the  anterior  surface  near  the  left  margin  of  the 
heart  and  1  on  the  posterior  surface  near  the  acute  margin.  Near  the  base,  the 
ventricular  and  auricular  portions  of  the  heart  are  separated  by  a  transverse 
furrow,  the  auriculoventricular  groove. 

The  2  coronary  arteries  arise  from  the  aorta  and  supply  the  walls  of  the 
heart  by  numerous  branches  which  penetrate  all  parts  of  the  muscle  and  present 
fine  anastomoses.  The  left  coronary  artery  is,  as  a  rule,  the  larger.  It  appears 
between  the  pulmonary  artery  and  auricular  appendix  and  divides  into  a  trans- 
verse or  posterior  and  a  descending  or  anterior  branch.  The  latter  passes  down- 
ward in  the  anterior  interventricular  groove  to  the  right  of  the  apex.  The 
right  coronary  artery  arises  anteriorly  from  the  aorta  and  passes  in  the  auriculo- 
ventricular groove  to  the  right  margin  of  the  heart,  where  it  divides  into  2 
branches,  the  transverse  and  the  descending.  The  latter  passes  downward  in  the 
posterior  interventricular  groove.  There  is  also  a  large  branch  which  descends 
along  the  acute  right  margin  of  the  heart. 

The  veins  of  the  heart  are  numerous ;  the  greater  number  are  united  into  a 
common  trunk,  the  coronary  sinus,  which  empties  into  the  lower  part  of  the 
right  auricle.  The  heart  is  well  supplied  with  lymphatics,  especially  beneath 
the  endocardium  and  visceral  pericardium.  Their  collecting  trunks  enter  the 
intertracheobronchial  group  (Poirier). 

"The  nerves,  given  off  by  the  cardiac  plexuses,  appear  rather  small  in  com- 
parison with  the  bulk  of  the  heart ;  they  are  derived  partly  from  the  cerebro- 
spinal  and  partly  from  the  sympathetic  system  (more  especially  from  the 
pneumogastric  nerve,  and  from  the  cervical  and  superior  thoracic  ganglia  of 
the  sympathetic  nerve)"  (Quain). 

The  structure  of  the  heart  wall  consists  chiefly  of  muscular  tissue.  The 
fasciculi  are  arranged  as  an  intricate  network  in  which  there  are  a  relatively 
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small  amount  of  areolar  tissue,  many  blood-vessels  and   Kmphatics,  and,   in 
places,  nerve  fibers  and  ganglia.     A  variable  amount  of  present,  hm- 

chiefly  beneath  the  visceral  layer  of  the  serous  periranlimn. 

Relations  of  the  Heart  and  Pericardium  to  the  Thoracic  Wall.— Of  vital  sur- 
gical interest  are  the  relations  of  the  heart  an. I  its  parts  to  tin-  thoraeie  wall.  A 
brief  description  is  here  summari/.e.L  for  the  most  part  .\nat 

omy."    Two-thirds  of  the  heart  lies  to  tl.«-  i,.ft  of  ti,,.  media  tina    The  ana 
is  situated  in  the  fifth  intercostal  space,  about.  '.»  em.  to  th,-  left  of  the 

middle  line,  and  generally  about  1  cm  (1%  in.  )  below,  and 
the  sternal  side  of  the  nip- 
ple. The  position  of  the 
nipple,  however,  is  too  vari- 
able for  it  to  be  used  as  a 
landmark.  The  upper  limit 
of  the  heart  is  indicated 
approximately  by  a  line 
drawn  from  a  point  slightly 
above  the  upper  border  of 

the  third  costal  cartilage  of      Q 

the  left  side  about  4.5  cm. 
(1%  in.)  from  the  median 
line  of  the  sternum  to  a 
point  upon  the  upper  bor- 
der of  the  third  costal  carti- 
lage of  the  right  side  about 
3  cm.  (li/4  in.)  from  the 
middle  line.  The  left  mar- 
gin is  represented  by  a  line, 
slightly  convex  toward  the 
left,  passing  from  the  end 
of  the  base  line  to  the  apex 
point;  the  right  margin  is  indicated  by  a  line,  markedly  convex  toward  the 
right,  drawn  from  the  right  end  of  the  base  line  to  the  junction  of  the  seventh 
costal  cartilage  of  the  right  side  with  the  sternum.  (Piersol.)  The  lower  limit 
is  indicated  by  a  line  passing  almost  transversely  from  the  sternal  end  of  the 
seventh  right  cartilage  to  the  apex.  The  area  thus  marked  out  corresponds  to 
what  is  known  as  the  deep  cardiac  dulness;  the  superficial  cardiac  dulness  cor- 
responds to  that  part  of  the  heart  which  is  uncovered  by  lung. 

"The  right  auricle  lies  behind  the  anterior  extremities  of  the  third  to  the 
sixth  costal  cartilages  and  adjacent  edge  of  sternum.  The  left  auricle  lies  be- 
hind the  anterior  extremities  of  the  left  cartilages  from  the  lower  border  of 
the  second  to  the  upper  border  of  the  fourth.  The  right  ventricle,  correspond iiur 
to  the  middle  and  lower  region  of  the  heart,  is,  as  a  rule,  the  only  part  uncovered 
by  lung ;  but  sometimes,  especially  during  expiration,  a  small  portion  of  the  left 


Fio.  3. — RELATION  OF  THE  HEART  AND  GREAT  VEMELS  TO 
CHEST  WALL  (Corning).  A.  Aorta;  H.  pulmonary  artery; 
C,  left  auricle;  D,  left  ventridr;  K.  right  ventricle;  F,  apex; 
G,  right  auricle. 
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ventricle  at  the  apex  is  also  exposed.  The  auriculoventricular  sulcus  corre- 
sponds with  a  line  drawn  obliquely  upward  from  the  sternal  end  of  the  sixta 
costal  cartilage,  on  the  right  side,  to  the  third  cartilage  on  the  left.  The  posi- 
tion of  the  heart  is  subject  to  some  degree  of  individual  variation,  and  the  ex- 
tent of  the  several  divisions  will  necessarily  be  dependent  upon  the  stage  of 
their  action." 

The  Chest  Wall. — The  accompanying  illustration  (Fig.  4)  renders  a  descrip- 
tion of  the  bony  framework  unnecessary.     Between  the  ribs  are  the  external 

and  internal  intercostal  muscles,  the 
intercostal  vessels  and  nerves.  With 
the  exception  of  the  external  inter- 
costal muscles  the  same  structures  lie 
between  the  respective  cartilages. 
Anteriorly,  the  greater  part  of  the 
thoracic  wall  is  covered  on  each  side 
by  the  pectoral  muscles.  The  lower 
margin  of  the  pectoralis  major  leaves 
the  chest  opposite  the  fifth  rib.  To 
the  outer  side  of  the  pectoralis  major 
the  ribs  are  covered  by  the  serratus 
magnus.  Below  the  pectoralis  the 
wall  of  the  thorax  is  covered  by  the 
rectus  abdominis  internally,  and  the 
external  oblique  laterally.  "The  ribs 
as  a  rule  can  be  palpated  easily  over 
the  front  and  sides  of  the  chest ;  with 
the  exception  of  the  first.  The  width 
of  the  intercostal  spaces  and  the  form 

FIG.  4.-BONY  FRAMEWORK  OF  ANTERIOR  THORACIC       Qf  the  subcostal  angle  vary  greatly  in 

accordance   with   the    shape    of    the 

chest."  Between  the  bony  thoracic  wall  and  the  pericardium  are  found,  be- 
sides pleura  and  lung,  the  triangularis  sterni,  endothoracic  fascia,  and  internal 
mammary  artery.  The  triangularis  sterni  is  a  thin  triangular  muscular  sheet. 
Its  origin  is  below  from  the  lower  third  of  the  back  of  the  sternum,  the  back  of 
the  ensiform  cartilage,  and  the  back  of  the  inner  ends  of  the  fifth,  sixth,  and 
seventh  cartilages.  Its  insertion  is  into  the  outer  ends  of  the  cartilages  of  the 
second  to  the  sixth  ribs.  The  endothoracic  fascia  is  a  thin  aponeurosis  imme- 
diately external  to  the  parietal  layer  of  the  pleura.  "The  internal  mammary 
artery  passes  downward  behind  the  costal  cartilages,  and  the  upper  six  inter- 
costal spaces,  about  1  cm.  (%  in.)  from  the  margin  of  the  sternum.  The  inter- 
costal vessels  for  the  greater  part  of  their  course  lie  protected  in  grooves  beneath 
the  lower  edges  of  the  ribs." 

EELATIONS  OF  PLEURAE  AND  LUNGS  TO  THE  CHEST  WALL. — "The  anterior 
line  of  reflection  of  the  pleura  varies  at  different  levels,  and  also  slightly  on  the 
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two  sides.  Opposite  the  manuhrium  Merni  it  may  bo  represented  by  a  line 
passing  from  the  sternoclavicular  articulation  downward  and  inward  to  meet 
the  pleura  of  the  opposite  side  at  the  upper  cd-o  of  the  body  of  the  sternum. 
From  this  point  the  two  pleunc  are  in  close  contact  to  about  the  level  of  the 
fourth  intercostal  space  or  upper  horder  of  the  tifth  costal  cartilage,  when 
separate.  On  the  right  side  the  line  of  reflection  continues  nearly  >t  rai«rht  down- 
ward to  the  lower  end  of  the  body  of  the  sternum,  when*  it  U-irin*  to  turn  out- 
ward. On  the  left  side,  accord  in-:  t..  Luschka,  it  normally  diverges  from  the 
median  line  at  the  upper  border  of  the 
fifth  costal  cartilage,  so  that  at  the  level 
of  the  sternal  end  of  the  fifth  costal  carti- 
lage it  is  1.5  cm.,  at  the  sixth  2  cm.,  and 
at  the  seventh  3.5  cm.,  external  to  the 
left  border  of  the  sternum.  Not  infre- 
quently, however,  the  lateral  deviation 
of  the  left  pleura  opposite  the  lower  end 
of  the  sternum  is  not  so  marked  as  de- 
scribed by  Luschka." 

"From  the  apex,  the  anterior  border 
of  each  lung  inclines  inward  behind  the 
sternoclavicular  articulation  and  the 
manubrium,  to  the  junction  of  the  latter 
with  the  body  of  the  sternum,  where  the 
two  almost  meet  in  the  middle  line; 
thence  they  descend  together,  the  right 
sometimes  projecting  a  little  to  the  left  of  the  midline.  as  far  as  the  fourth 
costal  cartilage ;  from  this  point  the  margin  of  the  right  lung  continues  a  nearly 
straight  course  to  the  level  of  the  sixth  chondrosternal  articulation  (sometimes 
even  to  the  lower  end  of  the  body  of  the  sternum),  while  that  of  the  left  slopes 
outward  behind  the  fifth  costal  cartilage,  in  a  direction  which  may  be  indicated 
with  sufficient  accuracy  by  a  line  drawn  from  the  fourth  chondrosternal  articu- 
lation of  the  left  side  to  the  spot  on  the  chest-wall  corresponding  to  the  apex  of 
the  heart."  But  this  line  is  modified  by  a  tongue-like  process  of  lung,  the 
lingula,  which  projects  inward,  and  is  represented  by  an  oblique  line  passing 
from  the  fifth  to  the  sixth  costal  cartilage.  "The  lower  limit  of  the  lung  may 
be  marked  by  a  line,  slightly  convex  downward,  carried  around  the  side  of  the 
chest  from  the  sixth  chondrosternal  articulation  to  the  tenth  dorsal  spine" 
(Quain). 

In  forced  inspiration  the  pleurae  and  lungs  cover  the  heart  more  than  in  ex- 
piration. In  children  the  heart  is  about  one  intercostal  space  higher  than  in 
adults  (Pels-Leusden). 


Fio.  5. — OUTLINES  OF  PLECRJE  AKD  Luwoa 
(Corning).  Heavy  lines,  outlines  of  lungs, 
B.F.  Dotted  lines,  outlines  of  pleura, 
C.D.  E.  Area  in  which  pericardium  is  un- 
covered by  pleura. 
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OPERATIONS    UPON    THE    PERICARDIUM 

Indications. — The  indications  for  operation  upon  "the  pericardium  may  be 
classified  as  follows : 

1.  Aspiration  or  drainage  of  inflammatory  exudates. 

2.  Eelief  of  a  heart  restricted  by  an  adherent  pericardium. 

3.  Removal  of  foreign  bodies. 

4.  In  connection  with  wounds:  (a)  for  the  relief  of  the  heart  when  com- 
pressed by  hemorrhage  into  the  sac  (hemopericardium)  ;  (b)  for  exploration,  in 
suspected  wounds  of  the  heart ;  (c)  for  exposure  of  the  heart  in  the  treatment 
of  cardiac  wounds.     The  details  of  wounds  will  be  deferred  until  the  considera- 
tion of  wounds  of  the  heart. 


INFLAMMATORY    EXUDATES 

General  Considerations. — The  large  majority  of  operations  upon  the  peri- 
cardium are  undertaken  to  rid  it  of  fluid  contents  of  inflammatory  origin. 
Therefore,  the  occurrence  of  inflammatory  exudates  within  the  pericardium, 
demands  some  consideration.  The  pericardium  is  subject  to  the  same  influences 
as  are  other  serous  membranes.  But,  although  the  serous  membrane  of  the 
pericardium  is  the  part  most  conspicuous  in  the  inflammatory  process,  the 
pathological  changes  are  not  necessarily  limited  to  it.  The  process,  as  a  rule, 
simultaneously  involves  the  heart  muscle  (myocarditis),  and  subsequently  it 
may  extend  to  the  fibrous  pericardium  and  even  to  the  adjacent  structures  of 
the  mediastinum.  The  inflammatory  process  may  be  acute  or  chronic,  circum- 
scribed or  diffuse,  primary  or  secondary.  The  character  of  the  exudate  may 
be  serous,  hemorrhagic,  serofibrinous,  fibrinous  or  purulent.  The  amount  of 
fluid  exudate  varies  within  wide  limits,  that  is,  from  a  few  cubic  centimeters  to 
1,500  or  more. 

The  distribution  of  the  fluid  in  the  distended  sac  must  be  understood  to 
appreciate  the  technical  details  of  paracentesis  or  pericardiotomy.  First,  the 
recesses  become  filled,  the  fluid  gathering  chiefly  in  the  region  of  the  base  of  the 
heart ;  then  the  bulging  pericardium,  confined  anteriorly,  separates  the  yielding 
lungs  and  pushes  the  diaphragm  downward.  The  increasing  exudate  progres- 
sively distends  the  pericardium,  for  the  most  part  to  the  left  and  posteriorly.  It 
must  be  emphasized  that  the  heart  usually  occupies  a  low  position  and  remains 
applied  to  the  anterior  wall  of  the  thorax.  Occasionally  an  inflammatory  process 
may  become  localized  by  the  formation  of  adhesions  and  the  limitation  of  the 
exudate  to  a  circumscribed  part  of  the  sac. 

It  is  unnecessary  to  enumerate  fully  the  organisms  upon  which  the  process 
may  depend,  or  the  diseases  with  which  pericarditis  may  be  associated.  It  is 
sufficient  to  call  attention  to  the  fact  that  pericarditis  occurs  as  a  relatively  fre- 
quent complication  in  a  large  number  of  diseases,  the  most  frequent  of  which 
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are  inflammatory  rheumatism,  nephritis,  pleuri>y,  pneumonia,  pyogenic  infec- 
tions, and  tiii.erculosis,  but  then-  are  "fen  infectious]  diseasea  which  ma-- 
implicate  the  pericardium"  (  Mcl'hedran). 

The  clinical  picture,  of  pericarditis  with  effusion  i-  \:.ri;d>lc.  Besid< 
local  objective  signs,  the  cardinal  si -in  of  exudative  pericarditis  b<'ing  a  charac- 
teristic cardiac  dullness  which  is  at  tir>t  increased  upward,  tin-re  are  present  to 
a  variable  decree  symptoms  duo  to:  (1)  involvement  <»f  the  heart  muscle 
(myocarditis),  which  is  the  m...M  frequent  and  seiioUfl  I'-mn;  i  _' j  endocarditis 
(these  two  are  especially  frequent  in  association  with  rheun  :  (3)  me- 

chanical disturbance  of  the  heart  as  a  result  of  pressure  exerted  by  the  effusion ; 
this,  however,  is  infrequent;  (4)  general  constitutional  disturbances,  depending 
upon  the  type  of  the  infection,  the  pericardium  offering  a  large  surface  for  ab- 
sorption;  (5)  an  associated  lesion  or  disease. 

In  the  consideration  of  the  surgical  treatment  of  pericarditis  certain  p< 
features  in  regard  to  serous  and  purulent  effusions  should  be  reviewed  sepa- 
rately. 

Serous  Effusions. — It  must  be  emphasized  that  a  serous  effusion  is  usually 
absorbed,  that  its  presence  rarely  affects  the  action  of  the  heart  except  when  it 
is  extremely  large  in  amount,  that  the  impaired  heart  action  is  due  chiefly  to 
associated  myocarditis,  that  toxic  symptoms  due  to  serous  effusions  are  not 
marked,  and  that  any  prolonged  pericarditis  may  be  associated  with  the  forma- 
tion of  extensive  intrapericardial  adhesions  which  frequently  produce  perma- 
nent impairment  of  the  heart  action. 

Indications  for  Treatment. — A  serous  effusion  should  be  removed  as  soon 
as  there  is  evidence  that  its  presence  embarrasses  the  heart.  But  in  general  the 
following  rules  should  be  followed :  Small  serous  effusions  should  receive  medi- 
cal treatment;  large  serous  effusions  which  persist  after  a  brief  trial  of  non- 
operative  measures  should  be  removed.  If  the  fluid  reacoumulates  rapidly  or 
in  large  amount,  it  should  be  removed.  For  the  removal  of  serous,  sero- 
fibrinous,  and  hemorrhagic  exudates,  paracentesis  is  the  operation  most  fre- 
quently employed  and  is  the  one  usually  to  be  recommended.  The  immediate 
result  of  the  removal  of  serous  effusions  is  usually  disappointing  because  the 
embarrassment  of  the  heart  action  as  a  rule  is  not  due  to  the  presence  of  the 
fluid,  but  to  an  intrinsic  myocardial  incompetence. 

Suppurative  Pericarditis. — This  condition  represents  an  abscess  correspond- 
ing to  a  part  or  the  whole  of  the  pericardial  sac.  The  most  frequent  organisms 
are  the  streptococcus,  staphylococcus,  and  pneumococcus.  The  exudatc  is  usu- 
ally purulent  from  the  beginning  of  the  attack,  although  occasionally  it  de- 
velops in  the  course  of  a  non-suppuratiye  pericarditis  As  a  rule  purulent 
pericarditis  is  secondary  in  the  course  of  a  pyogenic  infection,  and  under  such 
conditions  it  frequently  constitutes  a  "terminal  infection":  in  rare  cases  sup- 
purative  pericarditis  is  primary;  in  some  cases  the  infection  is  introduced 
through  a  wound. 

Suppurative  pericarditis  is  characterised  by  the  local  signs  of  pericarditi 
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with  effusion  and  constitutional  symptoms  of  a  septic  character.  The  fact  that 
the  pericarditis  is  frequently  a  secondary  lesion  causes  its  presence  to  be  over- 
looked in  many  cases.  In  children  the  symptoms  of  pericarditis  are  particularly 
apt  to  be  masked.  On  the  other  hand,  in  many  cases  where  the  lesion  has  been 
recognized  and  the  pericardium  drained,  the  operation  has  been  unsuccessful 
because  a  coexisting  purulent  focus,  especially  empyema,  has  been  overlooked. 
It  follows  that  in  septic  processes  it  is  necessary  to  watch  for  the  development 
of  pericarditis ;  moreover,  the  recognition  of  such  a  condition  should  not  cause 
less  thoroughness  in  the  search  for  other  foci. 

Suppurative  pericarditis  demands  immediate  incision  and  drainage.  The 
prognosis  in  purulent  pericarditis  is  in  general  unfavorable,  yet  in  suppurative 
processes  which  are  confined  to  the  pericardium  early  operation  is  quite  often 
followed  by  recovery;  on  the  other  hand,  where  the  pericardium  is  involved 
secondarily  in  the  course  of  a  general  sepsis,  recovery  is  infrequent.  Neverthe- 
less, cases  that  appear  hopeless  are  occasionally  saved  by  operation.  Accurate 
statistics  on  this  subject  are  not  available. 

Radiography  of  the  Pericardium. — Radiography  of  the  pericardium  is  of  con- 
siderable practical  importance.  The  X-ray  affords  reliable  information  as  to 
the  extent  and  location  of  a  distended  pericardium ;  in  consequence,  puncture 
of  the  pericardium  is  essentially  facilitated  by  X-ray  examination.  It  has 
been  claimed  recently  by  Roemheld  that  the  pericardium  of  normal  indi- 
viduals can  be  shown  by  means  of  telerontgenography,  especially  on  the  left 
side,  very  rarely  on  the  right,  as  a  semitransparent  oblique  strip  passing  inward 
and  downward.  He  asserts  that  pathological  changes,  especially  cicatrices  or 
adhesions,  are  accentuated  more  distinctly  than  the  normal  pericardium. 

PERICARDIOCENTESIS  :  PARACENTESIS  PERICARDII 

Indications. — Paracentesis  (puncture  or  aspiration)  of  the  pericardium  is 
employed  in  accumulations  of  serum,  blood,  pus,  or  air  within  the  pericardial 
sac.  Its  uses  may  be  summarized  as  follows  (Kiittner,  1912)  : 

1.  As  a  diagnostic  adjuvant,  in  the  form  of  an  exploratory  puncture,  in 
order  to  obtain  information  as  to  the  character  of  an  exudate. 

2.  As  a  therapeutic  measure  in  serous  or  serofibrinous  pericarditis,   (a) 
for  the  relief  of  the  heart  when  embarrassed  by  the  pressure  of  the  fluid,  in 
cases  where  the  rapid  increase  of  such  an  exudate  acutely  threatens  the  heart 
action;   (b)  for  the  removal  of  large  accumulations  which  resist  other  thera- 
peutic measures. 

3.  As  an  emergency  procedure  in  compression  of  the  heart  by  hemorrhage 
(heart  tamponade) ,  when  incision  of  the  pericardium  must  be  postponed. 

Paracentesis  vs.  Pericardiotomy. — Paracentesis,  as  compared  with  pericardi- 
otomy,  presents  2  striking  disadvantages:  (1)  It  exposes  to  the  danger  of  acci- 
dental injury  to  the  heart,  coronary  artery  or  vein,  pleura,  lung,  and  internal 
mammary  artery.  (2)  The  evacuation  of  the  exudate  is  imperfect. 
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The  choice  between  paracentesis  and  pcricardiotoray  as  therapeutic  meas- 
ures is  sometimes  difficult.  In  suppurative  processes  then-  ran  be  no  uncertaintv 
since  these  always  demand  pericardiotomy.  In  non  -uppnrativr  procoMOt  most 
Mii-eons  follow  a  conservative  policy  and  employ  parac<  ;.ut  some,  no- 

tably von  Waelzel  and  Brent  a  no,  recommend  tho  radical  procedure  of  peri- 
cardiotomy  even  in  serous  and  leroheiDorriiagk  ••xmlates  in  view  of  the. 
dangers  of  puncture  and  tho  efficient  drainage  obtained  by  pericardiotomy. 
But,  pericardiotomy  with  drainage  exposes  to  the  danger  of  infV, 
along  tho  drainage  tract,  and  this  is  more  to  bo  feared  than  a  serious 
accidental  injury  as  a  result  of  puncture.  Therefore,  paracentesis  is  to  be 
recommended  in  non-suppurative  effusions  in  j»<  «•  to  pericardiotomy. 

Occasionally,  non-suppurative  processes  may  be  sub  »  pericardiotomy 

when  repeated  and  rapid  reaccumulation  of  the  fluid  occurs,  or  when  the  exudate 
is  so  thick  that  it  prevents  satisfactory  aspiration,  as  in  a  serofibrinous  effusion. 

Site  of  Puncture. — Opinions  differ  widely  as  to  the  point  of  election  in  para- 
centesis of  the  pericardium.  The  favorite  sites  for  puncture  fall  into  2 
groups :  those  which  are  planned  to  avoid  the  pleura  and  those  which  disregard 
the  pleura  but  are  planned  to  avoid  the  heart.  I'nder  normal  conditions  the 
pleura  is  most  reliably  avoided  in  the  region  of  the  sixth  and  seventh  cartilages 
of  the  left  side  close  to  the  sternum.  But,  since  the  position  of  the  anterior  edge 
of  the  pleura  is  somewhat  variable,  the  rules  laid  down  for  extrapleural 
puncture  sometimes  prove  fallacious.  On  the  other  hand,  cardiac  injury  is  best 
avoided  by  puncture  at  a  point  situated  somewhat  internal  to  the  lower  part  of 
the  left  limit  of  pericardial  dulness.  Curschmann  advocates  this  site  in  prefer- 
ence to  one  in  the  immediate  vicinity  of  the  cardiac  margin  or  apex  (  Dieula :'• 
because  the  effusion  is  very  frequently  associated  with  an  enlarged  heart,  in 
which  case  the  heart  may  extend  beyond  the  apparent  position  of  the  apex.  The 
disadvantage  of  the  outer  site  is  that  the  pleural  cavity  may  be  entered,  a  feature 
which  is  especially  disadvantageous  in  the  presence  of  suppurative  pericarditis, 
but  penetration  of  the  pleural  cavity  is  not  a  necessary  romplieation,  because  the 
pleural  edges  are  separated  by  the  distended  pericardium  and  not  infrequently 
the  pleural  layers  are  agglutinated  to  a  considerable  degree  by  adhesions,  caua- 
ing  obliteration  of  the  anterior  part  of  the  pleural  sac. 

The  following  sites  are  the  most  suitable  for  paracentesis  of  the  pericardium : 

(1)  A  point  slightly  internal  to  the  left  limit  of  dullness,  in  the  fifth  or 
sixth  intercostal  space. 

(2)  A  point  in  the  angle  formed  by  the  base  of  the  xyphoid  process  and  the 
seventh  left  cartilage  at  its  insertion.    The  choice  between  these  2  sites  must  de- 
pend upon  individual  indications.     In  small  serous  accumulations,  which  de- 
mand puncture  only  in  rare  cases,  the  costoxyphoid  angle  should  be  the  choice. 
In  large  non-suppurative  effusions  the  OTiter  site  should  be  selected.     If  a  puru- 
lent pericarditis  is  suspected,  the  operator  must  bear  in  mind  that  the  inner  site 
involves  greater  danger  of  injury  to  the  heart,  while  the  outer  involves  the  dan- 
ger of  injury  to  the  pleura  with  the  possibility  of  infection  of  the  pleural  cavity. 
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But  in  the  presence  of  a  large  effusion  risk  in  either  position  is  slight,  and  is 
probably  less  if  the  puncture  is  made  at  the  outer  site,  near  the  left  border  of 
dullness,  than  in  the  costoxyphoid  angle. 

Of  the  numerous  other  sites  that  have  been  advocated  the  following  may  be 
mentioned : 

( 1 )  Left  side  close  to  the  sternum  in  the  fifth  or  sixth  space. 

(2)  Fifth  left  space  about  6  cm.  from  the  margin  of  the  sternum.     The 
fourth  space  has  also  been  recommended. 

(3)  Median  line  immediately  below  the  tip  of  the  xyphoid. 

(4)  Through    the    posterior   thoracic    wall.      Curschmann    suggests    this 
method  of  intervention  in  those  cases  where  the  lower  left  pulmonary  lobe  is 
compressed  by  the  distended  percardium. 

(5)  The  right  side  close  to  the  sternum  in  the  sixth  or  fifth  space.     The 
sixth  right  intercostal  space  is  strongly  recommended  by  Gras  (1910)  as  the 
most  reliable  site  for  paracentesis  in  moderate  and  extensive  effusions.     His 
choice  is  based  upon  experimentation  on  the  cadaver  with  pericardia!  injec- 
tions.    The  needle  is  inserted  close  to  the  sternum  and  directed  toward  the  left 
axilla.     He  asserts  that  the  pleura  is  almost  certain  to  escape  injury,  while  the 
pericardium  is  opened  where  there  is  a  copious  effusion  and  at  the  level  of  the 
lower  cardiac  margin.     When  the  sixth  right  intercostal  space  is  not  available, 
Gras  advises  that  the  fifth  space  be  used.     Although  perforation  of  the  pleura 
is  possible,  he  asserts  that  it  is  not  a  common  accident. 

Technic  of  Paracentesis  Pericardii. — Paracentesis  should  be  performed  un- 
der strict  aseptic  precautions.  The  puncture  is  usually  made  with  the  patient 
in  the  semirecumbent  position.  An  aspirating  needle  or  capillary  trocar  is 
used.  It  is  advisable  to  make  a  small  incision  through  the  skin  under  local 
anesthesia,  to  ensure  smooth  introduction  of  the  needle  or  trocar,  and  to  guide 
the  needle  cautiously  inward,  the  operator's  hand  or  fingers  resting  upon  the 
thoracic  wall.  The  patient  is  instructed  to  exhale  so  that  the  pulmonary  mar- 
gins may  become  retracted,  and  the  needle  or  trocar  is  slowly  pushed  inward, 
the  direction  being  modified  according  to  the  site  of  puncture.  When  the  outer 
margin  of  dulness  is  selected  for  the  puncture,  the  needle  is  directed  inward 
and  somewhat  downward.  When  the  puncture  is  made  at  the  sternal  border, 
the  needle  or  trocar  is  directed  a  trifle  upward.  A  resistance  is  felt  when  the 
pericardial  wall  is  encountered,  and  the  progress  of  the  needle  must  be  stopped 
as  soon  as  that  resistance  ceases.  When  the  point  of  the  instrument  has  pene- 
trated into  the  pericardial  sac,  it  should  be  lowered  or,  if  a  trocar  has  been  used, 
the  cannula  should  be  withdrawn.  If  the  point  impinges  upon  the  heart,  the 
movements  of  that  organ  will  be  imparted  to  the  instrument. 

Although  the  technic  of  paracentesis  is  simple,  puncture  has  often  proved 
unsuccessful.  A  dry  tap  may  result  from  the  needle  becoming  blocked  with 
fibrin  or  With  tissue  that  has  been  penetrated  during  its  introduction.  The  pos- 
sibilities of  injury  to  the  heart,  internal  mammary  artery,  pleura  and  lung  have 
been  discussed.  But  it  must  be  emphasized  that  serious  accidents  have  occurred 
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so  infrequently  that  there  should  bo  no  hesitancy  in  performing  pericardio 
centesis  when  the  operation  is  positively  in<li, 

If  a  suppurative  pericarditis  is  suspected,  diagnostic  punctures  should  not 
!><•  made  n-peatrdly;  when  several  :ittempt8  prove  unsuccessful,  puncture  should 
l>e  abandoned  in  favor  of  pericardiotomv. 

In  a  therapeutic  puncture  of  the  pericardium  aspiration  ,,f  the  fluid  must 
!><•  very  gradual  in  order  to  allow  tin-  heart  to  accomm  .-If  to  the  changed 

relations.    A  larger  canmila  is  required  than  in  an  exploratory  punrtun-.     I 
nation  is  best  accomplished  with  the  trocar  connected  to  an  aspirator,  such  as 
the  Potain  or  Dieulafoy.    Special  care  must  he  exerri-ed  as  the  fluid  diminishes 
to  guard  against  aspirating  the  heart  itself.    A  thickened  serofibrinous  exudate 
is  very  imperfectly  emptied  by  this  method. 

PERICARDIOTOM  v 

Indications. — Pericardiotomy,  or  incision  of  the  pericardium,  is  indicated 
for  the  evacuation  of  a  purulent  exudate;  for  the  removal  of  a  foreign  body  and 
for  exploration  in  doubtful  cases  of  heart  injury.  Of  nece>  :<»ardium 

must  be  opened  in  any  operation  which  exposes  the  heart  or  first  |>ortion  of  the, 
great  vessels,  as  in  cardiorrhaphy  or  Trendelen burg's  operation  for  pulmonary 
embolus,  but  under  such  conditions  the  incision  of  the  pericardium  is  merely  an 
incident  of  the  operation,  whereas  in  "pericardiotomy,"  as  the  term  is  used  in 
this  chapter,  the  object  of  the  operation  is  attained  by  opening  the  pericardium. 

Methods. — The  methods  of  pericardiotomy  may  be  divided  for  convenience 
into  2  groups : 

1.  Procedures  which  reach  the  pericardium  through  the  thoracic  wall. 

2.  Procedures  which  enter  from  below  the  costal  arch,  the  •  >  route, 
The  first  method  of  procedure  includes : 

Resection  of  the  sixth  cartilage,  as  recommended  by  Kocher,  Axhausen  and 
Pels-Leusden. 

Resection  of  the  fifth  cartilage,  Gussenbauer  and  Oilier. 

Resection  of  fifth  and  sixth  cartilages,  Delmore  and  Mignon. 

The  second  method  of  procedure  has  been  accorded  the  preference  by  Larrey, 
Mintz,  L.  Rehn  and  Allingham.  The  approach  is  in  part  or  entirely  from  be- 
low the  costal  arch  and  is  both  extrapleural  and  extra  peritoneal. 

Pericardiotomy  for  the  Evacuation  of  a  Purulent  Exudate.— In  the  treat- 
ment of  suppurative  pericarditis  the  method  of  pericardiotomy  to  be  efficient 
must  provide  for  satisfactory  drainage,  and  be  sufficiently  simple  to  be  rapidly 
performed,  under  local  anesthesia,  if  necessary.  Adequate  drainage  is  the  es- 
sential feature,  and  upon  this  must  depend  to  a  large  extent  the  choice  of 
method.  In  the  interest  of  good  drainage  it  is  important,  first,  to  open  the 
pericardium  at  its  lowest  point  and,  second,  to  provide  such  an  opening  as  will 
ensure  ready  egress  for  accumulations  in  both  the  right  and  left  spaces  of  the 
pericardial  sac.  Local  anesthesia  is  frequently  imperative  because  the  heart  is 
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apt  to  be  dilated  and  insufficient  as  a  result  of  endocarditis  and  myocarditis.  It 
is  necessary  that  the  work  be  done  with  the  least  possible  associated  injury.  It 
is  not  sufficient  to  avoid  wounding  the  heart ;  if  possible,  the  heart  should  not 
be  touched.  Further,  thorough  anesthetization  of  the  pericardium  is  advisable 
on  the  basis  of  significant  experimental  work,  which  we  will  briefly  summarize. 

Serious  disturbances  of  the  heart  action  have  been  noted  repeatedly  to  result 
from  irritation  of  the  pericardium.  Heitler's  observations  on  dogs  showed  that 
irregularity  of  the  heart  follows  mechanical  or  electrical  stimulation  of  the 
pericardium.  D'Agata  (1912)  in  animal  experiments  found  that  a  sudden  drop 
in  the  blood-pressure  occurred  as  a  result  of  grasping  and  incising  the  peri- 
cardium. These  phenomena  are  presumably  reflex  in  character;  they  help  to 
explain  analogous  clinical  observations.  Thus,  Harrigan  reported  temporary 
arrest  of  the  heart  upon  incision  of  the  pericardium  in  a  case  of  suppurative 
pericarditis. 

Heitler  and  D'Agata  found  in  their  experiments  that  preliminary  cocainiza- 
tion  of  the  parietal  layer  of  the  pericardium  prevented  the  occurrence  of  irregu- 
larity of  the  heart  and  the  lowering  of  the  blood-pressure.  Heitler  recom- 
mended that  before  an  incision  is  made  in  the  pericardium,  it  should  be  anes- 
thetized by  means  of  a  10  per  cent,  solution  of  cocain  applied  to  its  surface. 
Presumably  novocain  by  injection  could  be  substituted  to  advantage  in  man. 

The  2  methods  most  appropriate  for  drainage  in  suppurative  pericarditis 
will  be  described  in  detail. 

1.  Resection  of  the  sixth  costal  cartilage  (Kocher). 

2.  Resection  of  the  seventh,  or  sixth  and  seventh  costal  cartilages  (Rehn). 

EESECTION  OF  SIXTH  CARTILAGE. — This  method  affords  adequate  drain- 
age at  a  dependent  part  of  the  sac,  is  simple  and  quick  of  execution,  may  be  per- 
formed readily  under  local  anesthesia,  and  the  exposure  may  be  extended  easily 
in  any  direction.  It  appears  to  me  the  best  method  for  general  use. 

With  the  patient  in  a  semirecumbent  position,  an  incision  is  made  in  the 
course  of  the  sixth  cartilage  and  rib,  passing  from  the  midline  obliquely  out- 
ward. The  perichondrium  is  incised  in  the  direction  of  the  wound  and  sep- 
arated. The  cartilage  is  then  severed  close  to  the  sternum  and  lifted,  the 
perichondrium  being  separated  from  its  posterior  surface.  The  cartilage  is 
broken  at  its  junction  with  the  rib  and  removed.  The  internal  mammary 
artery  should  be  divided  between  ligatures  when  exposed.  The  triangularis 
sterni  is  then  split.  An  effort  should  be  made  to  identify  the  anterior  edge 
of  the  underlying  pleura,  which  should  be  pushed  outward.  The  pericardium 
is  thus  exposed.  It  should  be  grasped  and  lifted  with  two  pairs  of  toothed  for- 
ceps and  incised.  (The  importance  of  anesthetizing  the  pericardium  has 
been  emphasized  above.)  The  pericardial  incision  is  extended  with  blunt- 
pointed  scissors.  The  pus  should  be  allowed  to  escape  slowly.  A  finger  is 
then  introduced  to  break  up  adhesions  and  to  evacuate  walled-off  accumula- 
tions of  pus.  Should  the  access  be  too  small  to  allow  separation  of  adhesions  or 
for  adequate  drainage,  the  opening  may  be  enlarged  in  an  appropriate  direction 
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by  resection  of  part  of  the  sternum,  excision  of  part  ,,t  t|,,.  ,ixth  rib,  or  removal 
of  the  fifth  or  the  seventh  costal  cartilages,  Residual  ilui.l  >h.,uld  be  removed 
by  aspiration,  as  in  abdominal  operations,  and  sponging  or  wiping  of  the  serous 
surfaces  should  be  reduced  to  a  minimum.  Clots  of  fibrin  .should  be  extracted 
with  forceps.  Irrigation  with  sterile  salt  solution  has  been  used  for  the  re- 
moval of  clots  of  fibrin,  but  is  not  to  be  reeommen. l.-d.  The  use  of  ;s 
fluids  is  contra-indicated.  In  closing  the  wound  it  is  advisable,  especially  if 
the  pericardium  is  considerably  separated  from  the  sternum,  to  nuture  it  to  tin- 
skin.  This  not  only  facilitates 
drainage  but  "diminishes  the  risk 
of  contamination  of  the  anterior 
mediastinum"  (Eliot). 

Drainage  is  favored  by  the 
movements  of  the  heart  which,  in 
the  absence  of  adhesions,  tend  to 
force  out  any  accumulated  pus 
(Eliot).  The  kind  of  drain  which 
should  be  used  is  a  detail  which 
demands  some  discussion.  The 
choice  lies  between  a  rubber  tube 
and  soft  drain.  Tubes  afford  the 
most  satisfactory  drainage  and 
may  be  sutured  to  the  soft  parts 
so  that  they  are  not  readily  dis- 
placed. But  if  the  tube  should  FIG.  6.— PERICABDIOTOMT  OF  REHN  (after  KQttoer). 
come  into  contact  with  the  heart 

it  is  likely  to  interfere  with  the  cardiac  action,  as  occurred  in  a  case  operated 
upon  by  Eiedel.  Rehn  recommends  2  rubber  tubes,  1  passing  to  the  right  side 
and  1  to  the  left  to  drain  both  pockets.  Eliot,  Riedel  and  others  favor  soft 
drains.  A  general  rule  cannot  be  made;  the  mode  of  drainage  must  be  such 
as  to  fit  the  individual  case. 

The  sitting  position  should  be  enforced  in  the  after-treatment  as  most  favora- 
ble for  drainage.  The  wound  heals,  as  a  rule,  without  a  persistent  sinus  and 
"after  healing  is  complete,  insufficient  or  irregular  heart  action  is  the  marked 
exception,  neither  is  there  any  indication  of  cardiac  displacement"  (Eliot). 

RESECTION  OF  THE  SEVENTH,  OR  SIXTH  AND  SEVENTH  COSTAL  CAR- 
TILAGES.— A  curved  incision  of  about  6  cm.  is  made  along  the  lower  margin  of 
the  seventh  left  cartilage  to  the  base  of  the  ensiform  process,  across  which  the 
incision  is  continued  transversely.  The  incision  is  deepened  and  the  seventh 
costal  cartilage  divided.  The  internal  mammary  artery  is  preserved.  Detach- 
ing the  soft  parts,  the  finger  is  passed  under  the  sternum.  l>et\voen  the  lower 
portions  of  the  triangularis  sterni  muscle  and  the  sternal  portions  of  the  dia- 
phragm. A  useful  guide  is  afforded  by  the  inferior  sternopericardial  ligament. 


586        SUEGEKY    OF    THE    PEKICAKDIUM    AND    HEAKT 

A  piece  of  the  sternum  and  the  seventh  costal  cartilage  are  removed,  followed 
by  resection  of  the  sixth  costal  cartilage,  if  necessary.  The  pericardium  is  read- 
ily reached  without  opening  the  pleura.  The  more  distended  the  pericardium, 
the  easier  the  operation.  (Description  after  Kiittner.) 

Results. — The  results  of  pericardiotomy  are  necessarily  modified  by  the 
gravity  of  the  fundamental  disease,  but  striking  cures  have  followed  operation  in 
apparently  hopeless  cases  of  severe  infection.  The  operation  is,  therefore,  jus- 
tifiable as  an  emergency  procedure,  even  in  desperate  cases.  The  percentage  of 
recoveries,  as  calculated  from  reported  cases  by  Venus  (1908),  amounts  to  55 
per  cent.  Of  51  cases  of  pericardiotomy  for  suppurative  pericarditis,  collected 
by  Porter  (1900),  20  recovered  and  31  died,  a  mortality  of  60.5  per  cent. 

TUBERCULOUS  PERICARDITIS 

Tuberculous  pericarditis  is  usually  associated  with  other  tuberculous  lesions, 
especially  in  the  lungs,  pleura  or  mediastinal  lymph-nodes.  There  is,  as  a  rule, 
considerable  thickening  of  both  layers  of  the  pericardium.  In  early  stages  tu- 
bercles are  found  beneath  the  surface,  fresh  exudate  of  fibrin  on  the  surface,  but 
little  or  no  fluid  in  the  sac.  Later  there  may  develop  an  extensive  serofibrinous, 
hemorrhagic  or  purulent  exudate. 

The  tuberculous  nature  of  the  process  is  suggested  by  evidence  of  tubercu- 
losis elsewhere,  by  bloody  fluid  on  paracentesis,  and  by  appropriate  tests  of  the 
fluid  aspirated. 

Operative  Procedures. — The  operative  procedures  which  may  be  considered 
are :  1.  Aspiration ;  2.  pericardiotomy  with  drainage ;  3.  pericardiotomy,  evac- 
uation of  the  exudate  and  suture  of  the  wound  without  drainage.  The  choice 
must  depend  upon  the  character  and  extent  of  the  exudate,  severity  of  the  symp- 
toms and  condition  of  the  patient.  Moreover,  it  must  be  borne  in  mind  that 
drainage  will  lead  to  mixed  infection,  which  is  to  be  avoided,  if  possible,  as  in 
tuberculous  processes  elsewhere.  As  a  rule,  purulent  exudates  are  treated  by 
pericardiotomy  and  drainage,  other  exudates  by  paracentesis,  or,  if  this  is  un- 
successful, by  reason  of  incomplete  evacuation  or  rapid  recurrence,  by  peri- 
cardiotomy followed  by  evacuation  of  the  exudate  and  closure  of  the  wound 
without  drainage,  as  in  tuberculous  peritonitis. 

As  an  example  of  tuberculosis  of  the  pericardium  treated  by  incision  and 
drainage,  a  case  reported  by  Gibson  may  be  cited.  The  patient  was  a  male 
negro,  aged  26.  For  2  months  he  had  suffered  from  cough  with  slight  expec- 
toration ;  subsequently  dyspnea  developed,  so  marked  in  character  that  he  could 
not  lie  down.  The  heart  percussed  1%  in.  to  the  right  of  the  sternum  and  6 
in.  to  the  left ;  the  sounds  were  of  poor  quality  and  indistinct.  The  pericardium 
was  aspirated  and  18  ounces  of  opaque,  yellowish  fluid  obtained.  Improvement 
in  the  patient's  condition  was  not  marked  and  pericardiotomy  was  performed. 
The  greatly  distended  pericardium  was  opened  and  the  pus  evacuated.  It  was 
estimated  that  the  sac  contained  as  much  as  3  quarts.  The  pericardial  edges 
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were  sutured  to  the  soft  parts,  and  a  rubber  drainage  tube  was  passed  into  each 
lateral  cul-de-sac.  Subsequent  drainage  was  profuse.  The  n-Mih,  in  respect  to 
the  pericardial  lesion,  was  satisfactory. 

Pericardiotomy  without  Drainage. — Jacob  has  recent  I  v  recommended  peri- 
cardiotomy  without  drainage  in  the  treatment  of  tuhernilou.-  pericarditis,  lie 
reports  2  favorable  experiences  in  cases  with  serous  exudate.  A  tlaj.  with  ex- 
ternal base  is  employed.  The  cartilages  of  the  fifth  and  .-ixth  rilm  are  resected 
in  their  entire  extent,  the  triangularis  sterni  muscle  detached,  the  internal  mam- 
mary vessels  drawn  aside  and  the  pericardium  exposed.  Jacob  recommends 
removal  of  the  costal  cartilages  in  order  to  afford  a  safeguard  against  disturb- 
ances due  to  subsequent  pericardial  adhesions.  This  is  practically  a  prophy- 
lactic cardiolysis.  After  the  exudate  has  been  evacuated,  the  wound  in  the 
pericardium  is  not  sutured,  thus  permitting  drainage  into  tint  surrounding  tis- 
sue. The  remainder  of  the  wound  is  carefully  closed  with  sutures. 

ADHERENT   PERICARDIUM 

As  a  result  of  pericarditis,  the  pericardial  sac  may  become  obliterated  to  a 
variable  degree  by  the  welding  together  of  its  2  layers  through  more  or  less 
solid  adhesions.  Moreover,  as  a  result  of  mediastinitis  or  pleurisy,  firm  ad- 
hesions may  be  formed  between  the  pericardium  and  adjacent  structures. 
In  consequence  of  such  adhesions  the  heart  action  is  restricted.  Under  these 
conditions  the  neighboring  structures,  but  especially  the  thoracic  wall,  oppose 
each  cardiac  contraction  and  the  heart  is  required  to  do  much  extra  work  in 
overcoming  this  resistance.  The  condition  is  characterized  clinically  by  a 
more  or  less  marked  systolic  retraction  of  the  chest  wall  overlying  the  heart, 
with  a  proportionate  diastolic  resiliency. 

Prophylaxis. — Although  various  procedures  have  been  suggested  to  limit  the 
production  of  adhesions,  no  efficient  method  has  been  demonstrated.  Kelm 
foimd  in  animal  experiments  that  the  introduction  of  iodipin  into  the  peri- 
cardium served  to  prevent  or  lessen  the  formation  of  intrapericardial  adhesions. 
Alexander  suggested  for  the  same  purpose  insufflation  of  atmospheric  air  or 
nitrogen  gas,  after  the  fluid  has  been  evacuated  by  puncture.  Wenckbach  like- 
wise advocated  the  introduction  of  air  to  shorten  the  course  of  exudative  peri- 
carditis. None  of  these  procedures  can  be  recommended. 

Cardiolysis  (Pericardiolysis;  Pericardial  Thoracolysis) . — Cardiolysis  or  exten- 
sive resection  of  costal  segments  was  devised  by  Brauer  for  the  purpose  of  re- 
moving the  ribs  which  imprison  the  heart  and  interfere  with  the  cardiac  systole. 
The  rigid  bony  wall  of  the  thorax  is  thus  replaced  by  a  soft,  elastic  covering 
which  is  easily  moved  by  the  heart  and  part  of  the  cardiac  power  which  previ- 
ously had  been  wasted  in  overcoming  the  resistance  of  the  thoracic  wall  is  con- 
served. The  removal  of  the  bony  framework  of  the  chest  also  permits  the  heart 
to  drop  back  into  the  thorax,  thus  relaxing  the  lateral  or  posterior  adhesions 
which  may  be  present. 
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TECHNIC  OF  CAEDIOLYSIS— BRAUER'S  OPEEATION. — The  operation  can  be 
performed  rapidly  even  under  local  anesthesia,  but  general  anesthesia  is  to  be 
preferred.  A  flap  is  formed  on  the  left  side  over  the  fourth,  fifth  and  sixth  ribs, 
the  base  of  the  flap  lying  in  the  axillary  line  and  the  free  edge  at  the  sternal 
margin.  The  soft  parts,  including  skin  and  muscle,  are  turned  back,  followed 
by  subperiosteal  removal  of  the  exposed  portions  of  the  fourth,  fifth  and  sixth 

ribs  and  their  costal 
cartilages,  the  lateral 
boundary  of  each  re- 
sected segment  lying 
slightly  outside  the 
nipple  line,  while  the 
mesial  boundary  is 
close  to  the  sternum. 
The  sternum  itself  is 
left  intact.  The  peri- 
osteum, which  has 
been  detached  by  the 
incision  along  the  mid- 
dle of  the  rib,  is 
ablated  after  removal 
of  the  ribs,  in  so  far  as 
this  can  be  done  with- 
out endangering  the 
pleura.  Removal  of 
the  whole  periosteum 
was  formerly  consid- 
ered imperative  to  pre- 
vent new  formation  of 
bone;  while  advantageous,  it  is  not  easy,  for  the  posterior  costal  periosteum  is 
so  closely  connected  with  the  pleura  as  to  involve  the  risk  of  a  pleural  injury. 
Moreover,  as  Koenig  emphasizes,  there  is  relatively  little  tendency  to  new 
formation  of  bone  in  these  cases.  After  careful  hemostasis,  a  drain  is  inserted 
through  an  opening  at  the  base  of  the  flap,  and  the  wound  is  closed  with  sutures. 
The  drain  may  be  removed  at  the  end  of  24  hours  (description  after  Kiittner). 
EESULTS. — Delageniere  has  analysed  38  reported  cases  of  cardiolysis.  One 
patient  died  soon  after  the  operation,  6  were  not  improved,  and  in  31  the  re- 
sults were  good.  In  some  of  the  published  cases  improvement  was  extremely 
marked.  Thus,  Kiittner  reports  that  2  bedridden  patients  were  restored  to. 
their  full  working  capacity.  Kolb  points  out  that  the  operation  cannot  lead  to 
an  absolute  cure ;  that  the  myocarditis  persists  and  is  of  the  greatest  importance 
in  the  ultimate  result.  Kolb  endorses  the  view  of  Venus,  that  Brauer's  cardi- 
olysis is  a  life-saving  operation,  which  is  destined  to  play  a  prominent  part  in 
the  treatment  of  chronic  adhesive  mediastinopericarditis. 


FIG.  7. — BRAUER'S  CARDIOLYSIS  (after  Kiittner). 
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Delorme  considers  that  Brauer's  cardiolysi>  ,  ticial  only  in  cases  pre- 

senting adhesions  between  the  pericardium  and  the  anterior  thoracic  wall.  In 
the  absence  of  such  adhesions  and  the  presence  of  adhesions  between  the  2 
pericardia!  layers,  that  is,  cardiopericardial  adhesions,  he  recommends  excision 
of  a  portion  of  the  anterior  wall  of  the  pericardium, 

Delageniere's  Operation.-  Delai«<'ni.'-r<;  advocates  a  more  extensive  operation 
tluin  lirauer  so  as  to  liberate  the  entire  anterior  portion  of  tin*  pericardium.  1I«- 
recommends  his  operation  especially  for  those  cases  in  which  valvular  lesions 
;in  present. 

TECHNIC—  A  large  flap  is  cut  with  a  left  vertical  hinge.  Tin-  incision 
begins  at  the  lower  border  of  the  chondrosternal  articulation  of  the  firfit  left  rib 
and  passes  obliquely  across  the  sternum  to  the  upper  border  of  the  second  right 
chondrosternal  articulation;  it  then  passes  downward  along  the  right  nan 
of  the  sternum,  describing  a  curve  with  concavity  inward,  and  terminates  2  cm. 
from  the  right  margin  of  the  sternum  at  a  point  on  a  level  with  the  base  of  the 
xyphoid  process.  The  incision  is  then  carried  horizontally  to  the  left,  passing 
across  the  base  of  the  xyphoid  process,  stopping  6  to  8  cm.  from  the  left  sternal 
margin.  The  soft  parts  are  detached  as  a  flap,  which  is  raised  and  turned  to 
the  left,  thus  exposing  the  entire  portion  of  the  bony  framework  of  the  thoracic 
wall  which  is  destined  for  removal.  Resection  of  the  sternochondrocostal 
framework  is  made,  at  first  following  the  line  at  the  lower  cutaneous  incision, 
then  the  line  on  the  left  side,  then  the  upper  line,  and  finally  the  ri^ht  lateral 
line.  The  subjacent  parts  are  cautiously  detached,  guarding  against  injury  to 
the  internal  mammary  artery.  The  skin  flap  is  replaced  and  sutured  without 
drainage.  The  violently  throbbing  heart  under  the  flap  necessitates  a  rather 
resistant  dressing  so  as  to  support  the  organ  and  allow  it  to  adapt  itself  to  its 
altered  conditions.  Delageniere  performed  this  operation  upon  a  woman  28 
years  of  age  with  a  satisfactory  outcome. 

WOUNDS   OF    THE    PERICARDIUM 

Wounds  of  the  pericardium  are  usually,  although  not  invariably,  compli- 
cated by  wounds  of  other  important  structures.  Complications  consist  chiefly 
of  injury  to  the  heart,  coronary  artery,  pleura,  lung,  the  large  vessels  of  the 
thorax  and  diaphragm. 

Isolated  injury  of  the  pericardium  has  been  observed  most  often  in  cases 
of  oblique  perforation  in  the  lower  half  of  the  sac.  Fischer  collected  51  cases 
of  isolated  injury  to  the  pericardium  through  stab,  incised  or  gunshot  wounds, 
or  as  the  result  of  indirect  violence  (Tillman).  According  to  the  statistics 
of  Loison  (1899),  the  proportion  of  pericardial  wounds,  without  heart  wounds, 
amounts  to  66  per  cent,  in  pin  or  needle  wounds;  11.1  per  cent,  in  stab 
wounds ;  12.2  per  cent,  in  gunshot  wounds.  The  diagnosis  of  pericardial  injury 
is  positive  when  the  presence  of  blood  or  air  in  the  sac  (hemo-  or  pneumoperi- 
cardium)  can  be  demonstrated.  Clinically  a  wound  of  the  pericardium  cannot 
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be  differentiated  from  one  involving  the  heart.  The  outcome  of  these  cases  de- 
pends largely  upon  the  associated  injuries  and  subsequent  complications.  The 
operative  treatment  is  discussed  under  wounds  of  the  heart. 

Illustrative  Cases. — An  illustrative  case  was  reported  by  Lejars  (1909).  The 
patient,  a  woman,  stabbed  herself  in  the  cardiac  region  with  a  dagger,  and  was  ad- 
mitted to  the  hospital  several  hours  after  the  injury  with  the  symptoms  of  intra- 
thoracic  hemorrhage.  The  wound  was  in  the  second  left  intercostal  space.  The  thorax 
was  opened  and  a  large  amount  of  blood  escaped  from  the  left  pleural  cavity.  A 
wound  in  the  middle  lobe  of  the  lung  was  closed  and  the  hemorrhage  stopped.  A  hole 
2  cm.  in  size  was  then  discovered  in  the  pericardium  from  which  blood  exuded.  The 
operator  incised  the  pericardium  and  evacuated  the  blood.  The  heart  was  found  to  be 
intact.  The  pericardium  and  pleura  were  sutured  with  catgut,  and  the  wound  in  the 
thorax  was  closed  without  drainage.  Healing  by  first  intention  followed,  and  the 
patient  made  a  perfect  recovery. 

A  cured  case  of  stab  wound  of  the  pericardium  and  the  right  pleura  was  recently 
reported  by  Fowelin.  The  wound,  which  had  been  inflicted  by  the  patient  with  a  shoe- 
maker's knife  in  an  attempt  at  suicide,  lay  transversely  in  the  uppermost  portion  of  the 
epigastric  angle  and  measured  about  4  cm.  Treatment  consisted  in  resection  of  a  por- 
tion of  the  sternum  and  the  cartilages  of  the  fifth,  sixth  and  seventh  ribs,  followed 
by  accurate  suture  of  the  pleura  and  the  pericardium. 

FOREIGN  BODIES   IN   THE   PERICARDIUM 

The  presence  of  a  foreign  body  in  the  pericardium  is  a  very  common  com- 
plication of  pericardial  wounds  (1:5,  according  to  Salomoni),  and  even  more 
frequent  in  association  with  wounds  of  the  heart.  Bullets,  needles,  pins,  and 
fragments  of  weapons  are  the  foreign  bodies  usually  found.  Zesas'  compilation 
of  cases  of  foreign  bodies  in  the  human  heart  (1910)  contains  19  observations 
concerning  the  pericardium. 

In  the  case  of  a  small  body  such  as  a  bullet  there  is  the  possibility  of  it  be- 
coming encysted  in  the  pericardial  sac,  sometimes  without  interfering  with  the 
general  health  of  the  patient.  But  coincidently  with  the  entrance  of  a  foreign 
body  infection  is  frequently  introduced  with  resulting  suppurative  pericarditis. 
Plastic  pericarditis  is  a  very  common  sequel  to  pericardial  wounds,  but  com- 
plete adhesions  rarely  follow.  The  treatment  of  foreign  bodies  in  the  peri- 
cardium is  the  same  as  that  of  foreign  bodies  in  the  heart,  under  which  it  will 
be  discussed. 

Illustrative  Cases. — In  Soverini's  case  a  needle  which  had  been  swallowed  was 
found  in  the  pericardium  after  the  patient's  death  two  days  later;  the  right  ventricle, 
two  branches  of  the  right  coronary  artery  and  two  veins  were  wounded. 

In  a  case  quoted  by  Buist  the  gold  plate  of  an  artificial  denture  with  2  teeth 
had  been  swallowed,  and  after  the  patient's  death,  on  the  fifth  day,  the  pericardium  was 
found  to  be  distended  with  pus;  the  teeth  were  imbedded  in  the  esophagus  and  had 
ulcerated  through  into  the  pericardium. 

In  a  case  reported  by  Schwarzwald,  a  man,  43  years  of  age,  died  suddenly  and 
the  cause  of  death  was  found  to  be  hemopericardium.  The  intrapericardial  hemor- 
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rhago  came  from  2  small  gaps  in  the  pulmonary  artery  and  2  hlit*  in  the  pericardium. 
The  wounds  were  explained  by  the  presence  of  KCV,  ral  -t.-.-l  needfe 
had  entered  the  body  through  the  skin  at  distant  |N.inu. 

In  a  case  which  was  presented  before  the  Madrid  Medico-Surgical  Society  bj 
Kodriguez  y  Rodriguez,  the  foreign  body  in  th.  :,  was  a  piece  of  gla**, 

4  cm.  long  and  1  cm.  wide.    Its  extraction  was  followed  by  .-ntun-  of  th«-  j,, 
and  recovery. 

In  a  cist  reported  by  Fink  a  bullet  had  penetrated  the  thoracic  wall  and  pierced 
the  left  ventricle;  it  was  found  lying  free  in  the  pericardium.  The  patient  died  th« 
< lav  after  the  accident. 

In  (ialhinlV  case,  quoted   by  Xe>a>.  a   needle  had  ent.-red  tin-  thorax.      It   was  found 
projecting  about  12  millimeter-   into  the  perieardiuin  and   had   wounded  tin-  l«-fi    v.n 
tricle.     The  patient  died  one  month  later  from  collapse. 

EXPERIMENTAL    PEEICABDIECTOMY 

Animal  experiments  were  recently  perfonne.l  by  Ma/./.one  (1912)  for  the 
purpose  of  demonstrating  whether  life  is  possible  after  total  or  partial  peri- 
cardiectomy,  such  as  may  be  required  in  the  extirpation  of  maliirmmt  tumors  of 
the  thoracic  wall.  The  experiments  were  7  in  number.  The  animals  sun 
extensive  as  well  as  partial  removal  of  the  pericardium.  Parlavecchio,  in 
dogs,  and  Amerio,  in  rabbits,  also  demonstrated  that  extensive  and  approxi- 
mately total  extirpations  of  the  pericardium  are  consistent  with  life,  but  found 
that  the  operation  was  invariably  followed  by  hypertrophy  of  the  left  ventricle 
and  general  emaciation.  It  is  a  noteworthy  fact  that  the  exten-ive  extirpations, 
with  removal  of  the  entire  anterior  and  left  pericardial  wall,  are  more  readily 
tolerated  than  partial  excisions,  which  leave  troublesome  adhesions  between  the 
pericardium  and  the  heart.  After  extensive  extirpations,  the  pericardial  cav- 
ity is  converted  into  an  appendage  of  the  left  pleural  cavity. 

Concerning  the  therapeutic  applicability  of  extirpation  of  the  pericardium, 
Parlavecchio  believes,  on  the  basis  of  his  successful  experiments  upon  dogs,  that 
this  procedure  may  enter  into  consideration  in  tumors  of  the  thorax  as  well  as 
in  certain  cases  of  chronic  suppurative  pericarditis.  The  literature  contains  a 
series  of  observations  on  congenital  defects  of  the  pericardium  which  illustrate 
the  compatibility  of  life  with  the  absence  of  this  structure. 

In  regard  to  the  technic  of  pericardiectomy  in  the  human  subject,  Mazzone 
states  that  the  exposure  of  the  cardiac  region  should  be  free  and  no  attempt 
should  be  made  to  avoid  opening  the  left  pleural  cavity.  It  is  probably  bet- 
ter to  sacrifice  the  left  phrenic  nerve  than  to  detach  it  from  the  pericardium 
or  to  attempt  the  preservation  of  the  vertical  strip  of  pericardium  in  relation 
with  which  the  nerve  lies. 

The  covering  of  large  defects  in  the  pericardium  by  means  of  flaps  taken 
from  the  fascia  lata  was  recently  suggested  by  Henschen  on  the  basis  of  animal 
experiments. 
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OPERATIONS   UPON   THE   HEART 

WOUNDS   OF   THE   HEART 

Wounds  of  the  heart  are  caused  most  frequently  by  stab  wounds  and  gun- 
shot wounds.  The  heart  wall  may  be  injured  in  part  or  the  whole  of  its  thick- 
ness. Associated  lesions  are  frequently  present,  especially  wounds  of  the 
pleura,  lung,  coronary  artery  and  internal  mammary  artery;  less  often  the 
diaphragm,  peritoneal  cavity,  abdominal  viscera  and  mediastinal  structures  are 
involved.  The  pericardium  is  almost  of  necessity  opened,  though  in  rare  cases 
it  is  said  to  have  been  pushed  inward  but  not  penetrated  by  the  weapon  causing 
the  wound  of  the  heart. 

Hemorrhage  from  a  heart  wound  is  almost  always  free,  but  varies  with  the 
size  and  obliquity  of  the  wound,  the  degree  of  penetration,  and  the  part  of  the 
heart  injured ;  thus,  a  wound  of  the  thick  walled  left  ventricle  bleeds  relatively 
less  than  one  of  the  right  ventricle  or  auricles.  The  blood  may  accumulate  in 
and  distend  the  pericardial  sac  (hemopericardium)  or  it  may  enter  the  pleural 
cavity  if  the  pericardial  wound  is  such  as  to  afford  free  communication  be- 
tween the  2  cavities.  When  the  blood  accumulates  within  the  pericardial  sac,  in- 
trapericardial  tension  occurs  and  as  a  result  the  heart  action  becomes  impeded. 
This  is  known  as  heart  tamponade.  The  degree  of  the  cardiac  disturbance  is 
dependent  upon  the  amount  and  rapidity  of  the  hemorrhage.  The  intraperi- 
cardial  tension  affects  primarily  the  thin-walled  auricles  and  unresisting  veins, 
with  the  result  that  the  flow  of  blood  is  retarded ;  secondarily  it  influences  the 
ventricular  contractions,  which  are  impeded  and  ultimately  arrested. 

The  symptoms  of  a  wound  of  the  heart  are  dependent  upon  shock,  hemor- 
rhage and  associated  lesions.  Shock  is  usually  marked.  Hemorrhage  may 
cause:  1.  Hemothorax,  with  symptoms  of  internal  hemorrhage  and  signs  of 
fluid  in  the  pleural  cavity, 

2.  Hemopericardium,  with  the  objective  signs  of  dilatation  of  the  peri- 
cardial sac  and  more  or  less  marked  symptoms  of  heart  tamponade,  which  is 
evidenced  by  dyspnea,  cyanosis,  small,  weak  and  irregular,  or  even  imperceptible 
pulse,  enlargement  of  the  cardiac  dulness  and  distant  feeble  heart  sounds. 

Indications  for  Operative  Interference  in  Heart  Wounds.1 — The  rationality 
of  immediate  surgical  treatment  for  wounds  of  the  heart  has  been  thoroughly 
established  by  15  years  of  relatively  good  and  constantly  improving  results. 
Even  in  suspected  wounds  of  the  heart,  when  the  diagnosis  is  probable  but  not 
positive,  exploratory  operation  is  an  approved  procedure,  as  has  been  empha- 
sized by  E.  Hesse,  Foederl,  and  others,  for  the  following  reasons :  First,  there 
is  no  typical  clinical  picture  whereby  a  wounded  heart  can  always  be  diagnosed, 

1  Through  the  courtesy  of  the  publishers  of  the  Annals  of  Surgery  much  of  the  discus- 
sion of  the  technic  of  heart  suture  is  reproduced  from  an  article  by  the  writer  which  ap- 
peared in  that  journal. 
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especially  in  the  first  few  hours  after  injury.  The  classical  syndrome,  "heart 
tamponade,"  due  to  intrapericardial  pressure,  is  more  often  ah>ent  than  pres- 
ent (Borchardt)  ;  physical  signs  in  the  rardiae  region,  such  as  abnormal  sounds 
and  increased  dulness,  are  frequently  inconeiunve :  th«-  p,,-inon  and  din- 
of  the  surface  wound  are  not  always  convincing;  while  the  suggestive  symptoms 
of  internal  hemorrhage,  hemothorax  or  hemopneumothorax  mav  originate  en- 
tirely in  thoracic  lesions  other  than  a  heart  injury.  K\  i.l«-ne«.  of  the  unc.  rtaintv 
of  the  diagnosis  is  gained  by  an  analysis  of  21  cases  whieh  were  the  basis  0 
Hesse's  report;  heart  tamponade  was  absent  in  i:;;  in  only  11  of  the  iM  cases 
was  the  diagnosis  certain,  whereas  in  4  it  was  probable  and  in  <'•  doubtful  on 
account  of  the  absence  of  all  reliable  signs.  Secowl.  it  has  been  shown  by  sta- 
tistics that  the  prognosis,  by  reason  of  hemorrhage  and  >lnN-k.  becomes  pro- 
gressively worse  as  the  interval  between  the  trauma  and  the  operation  length- 
ens. Therefore,  although  delay  in  some  cases  will  render  the  diagnosis  certain, 
postponement  of  operation  until  dangerous  symptoms  make  th-ir  appearance  is 
not  to  be  recommended.  Third,  the  immediate  results  of  non-op,  reat- 

ment  are  very  poor  as  compared  with  those  obtained  by  operation  K.  11,  — ,•  i. 
Moreover,  although  some  heart  wounds  heal  without  surgical  intervention,  then* 
is  always  danger  of  secondary  hemorrhage  from  an  unsutured  wound,  and  the 
spontaneously  healed  heart  wound  (even  a  non-perforating  wound)  leaves  a 
weak  scar  which  may  rupture  or  become  the  site  of  an  aneurysm  (Rehn). 
Loison,  as  early  as  1899,  collected  9  such  cases. 

SUMMAEY  OF  INDICATIONS. — The  diagnosis  of  heart  wounds  is  frequently 
uncertain,  especially  soon  after  the  injury;  the  prognosis  becomes  progressively 
poorer  with  delay ;  the  immediate  and  late  results  of  operative  treatment  have 
been  much  better  than  the  results  of  non-operative  treatment  Immediate  ex- 
ploration is  therefore  indicated  even  when  the  diagnosis  is  in  doubt  and  a 
heart  wound  is  probable  but  not  positive. 

Technic  of  Operation. — PREPAEATION. — Careful  preparation  of  the  oper- 
ative field  is  essential,  since  many  cases  which  have  survived  slioek  and  hemor- 
rhage have  died  later  as  the  result  of  infection.  The  iodin  method  is  the  most 
reliable  and  the  quickest  method  of  preparation.  The  operative  field,  including 
the  wound,  is  painted  with  7  per  cent,  tincture  of  iodin,  which  is  allowed  to  dry. 
Everything  necessary  for  the  operation  should  be  in  readiness  before  it  is  begun. 
The  ordinary  dissecting  and  bone  instruments,  curved  intestinal  needles 
threaded  with  fine  silk,  appropriate  needle  holder,  rib  retractors,  sterile  vaselin 
and  an  infusion  apparatus  are  the  essentials. 

ANESTHESIA. — Experience  indicates  that  anesthesia  should  consist  in  the 
sparing  administration  of  a  general  anesthetic,  preferably  ether,  when  the  pa- 
tient shows  signs  of  sensibility. 

DIFFERENTIAL   PRESSURE. — The  indications  for  differential  pressure  are 

so  striking  as  to  induce  its  employment.    Since  the  development  of  the  Meltzer- 

Auer  method  it  has  become  possible  for  every  hospital  to  be  provided  with 

facilities  for  its  use.     Therefore,  the  applicability  of  differential  pressure  in 

39  B 
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operations  for  wounds  of  the  heart  will  doubtless  be  thoroughly  tested  in 
the  immediate  future;  consequently,  this  detail  deserves  careful  considera- 
tion. 

A  majority  of  the  cases  of  heart  wounds  are  complicated  by  opening  of  the 
pleura  (Borchardt)  ;  Sauerbruch  puts  the  figure  at  80  per  cent.  Even  if  not 
opened  by  the  original  wound,  experience  shows  that  the  pleura  is  usually  torn 
during  the  course  of  the  operation.  Pneumothorax  with  collapse  of  the  lung  is, 
therefore,  likely  to  occur  in  every  case.  But  the  immediate  dangers  due  to 
pneumothorax  can  be  eliminated  and  the  late  dangers  minimized  by  the  use  of 
differential  pressure.  Therefore,  differential  pressure  permits  a  disregard  of  the 
pleura,  and,  consequently,  expedites  the  operation  by  allowing  a  free  trans- 
pleural  exposure ;  moreover,  it  greatly  diminishes  the  tendency  to  postoperative 
pleural  infection,  by  allowing  dilatation  of  the  lung  and  consequent  absence  of 
pneumothorax  following  the  operation  (Sauerbruch).  Other  less  important  ad- 
vantages of  differential  pressure  are  that  it  increases  the  oxygenation  of  the 
blood,  renders  the  technic  of  the  heart  suture  easier  in  that  it  lifts  the  heart  and 
renders  it  more  accessible,  at  the  same  time  removing  the  annoying  respiratory 
movements,  and,  finally,  assists  in  the  discovery  of  a  wound  of  the  lung  so  that 
it  may  be  sutured  (Sauerbruch  and  Haecker). 

There  are  some  considerations  which  indicate  great  care  in  the  amount  of 
pressure  used  during  the  first  stages  of  the  operation.  Sauerbruch  and  Haecker 
found  in  animal  experiments  that  at  first  a  pneumothorax  leads  to  a  diminution 
of  heart  activity  and  lessens  the  bleeding  from  the  heart.  On  the  basis  of  these 
findings,  Matas  discourages  the  use  of  differential  pressure  until  the  heart  has 
been  sutured,  because  he  considers  that  a  collapsed  lung  may  be  an  advantage 
by  diminishing  the  bleeding  from  the  heart  wound.  But  Sauerbruch  and 
Haecker  state  that  in  their  experiments  continuation  of  the  collapsed  lung  led 
to  such  depression  of  the  heart  as  to  render  it  necessary  to  dilate  the  lung  in 
order  to  save  the  animal,  and  Sauerbruch  believes  that  low  pressure  does  not 
increase  the  bleeding.  Therefore,  although  Matas's  warning  should  be  borne 
in  mind,  it  seems  probable  that  differential  pressure,  in  view  of  its  marked  in- 
dications, may  be  used  throughout  with  advantage,  danger  from  increased 
hemorrhage  being  averted  by  a  rapid  exposure  and  rapid  control  of  hemorrhage, 
pressure  being  reduced  to  a  minimum  until  bleeding  has  been  controlled.  Pos- 
sibly insufflation  of  oxygen  will  prove  an  advantage  in  this  connection,  since  it 
can  be  used  under  much  lower  pressure  than  is  necessary  to  give  the  same  ef- 
fects with  air  (Volhard,  Tiegel).  In  operations  for  heart  wounds  differential 
pressure  has  been  employed  in  one  case  by  Friedrich  and  in  4  cases  reported  by 
Ranzi.  As  a  result  of  his  experiences,  Ranzi  expresses  himself  very  positively 
in  favor  of  its  use. 

EXPOSUBE  OF  THE  HEART. — The  question  of  exposure  of  the  heart  is 
greatly  simplified  if  it  is  recognized  that  an  extrapleural  cardiorrhaphy  is  rarely 
possible,  and  if  dependence  is  placed  upon  differential  pressure  for  controlling 
the  dangers  of  pneumothorax.  The  principles  of  exposure  by  which  almost  all 
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indications  can  IM-  met  MIM-I  MiiUt'artnrilv  an-  tin-  intcn-nstal  iiu-ision,  the  oeteo 
plastic  flap,  and  the  cxtrapleural  exploratory  pericardiotomy. 

The  intercostal  incision  (Fig.  8),  as  Wilms  states,  affords  free  exposure  of 


FIG.  8. — INTERCOSTAL  INCISION;  METHOD  OF  LIFTING  THE  HEART  (Sauerbruch  and 

A,    Lung;   B,    pericardium;   C,   heart. 


the  heart,  can  be  applied  much  more  quickly  than  a  flap  operation,  and  causes 
less  hemorrhage,  while  the  resulting  pneumothorax  cannot  be  urged  against  the 
method  since  it  is  rarely  possible  to  avoid  its  occurrence  by  other  procedures. 
The  intercostal  incision  should  be  elected  when  differ- 
ential pressure  is  used,  when  pneumothorax  is  already 
present,  or  when  the  condition  of  the  patient  makes 
speed  of  primary  importance.  A  long  intercostal  in- 
cision placed  in  the  fourth  space  gives  the  best  ex- 
posure, although  other  spaces  may  be  used.  The 
proper  application  of  this  incision  necessitates  open- 
ing the  pleura  freely;  forcible  retraction  then  irivo 
considerable  exposure.  As  in  all  methods,  the  internal 
mammary  must  be  ligated  above  and  below  when  ex- 
posed. The  pericardium  is  opened  in  the  same  direc- 
tion as  the  skin  incision ;  if  more  space  13  desired,  it 
may  be  obtained  by  cutting  away  part  of  the  sternum 
and  by  section,  near  the  sternum,  of  adjacent  carti- 
lages, with  or  without  incision  of  the  soft  parts  up- 
ward or  downward.  The  method  of  closure  is  shown  in  Figure  10. 

Although  the  preservation  of  the  pleura  is  a  distinct  advantage,  it  should  be 


FIG.  9.  —  RETRACTOR  FOR 
SEPARATING  RIBS  (Sauer- 
bruch and  Schumacher). 
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FIG.  10. — PERICOSTAL  SUTURE  FOR  THE  CLOSURE 
OF  THE  INTERCOSTAL  INCISION.  (Sauerbruch 
and  Schumacher).  A,  Ribs;  B,  intercostal  mus- 
cle; C,  muscles  of  thorax. 


aimed  at  only  in  selected  cases,  since  the  effort  delays  the  operation  and  usually 
fails.  The  circumstances  which  warrant  an  effort  toward  an  extrapleural  opera- 
tion are:  differential  pressure  not  available,  pneumothorax  not  present,  no 
wound  of  the  pleura  such  as  would  render  the  effort  useless,  and  relatively  good 
condition  of  the  patient,  for  when  the  condition  is  grave  it  is  important  to  adopt 

the  simplest  and  quickest  method  and 
to  lose  no  time  in  attempts  at  elab- 
orate extrapleural  procedures. 

Certain  flap  methods  afford  good 
exposure  and  offer  the  best  prospects 
of  preserving  the  pleura  intact,  when 
such  an  effort  appears  indicated.  A 
flap  with  lateral  base  has  proved  the 
most  satisfactory  both  in  operations 
and  experimentally  on  the  cadaver. 
A  flap  as  planned  by  Kocher  (Figs. 
11,  12)  gives  admirable  exposure. 
An  incision  of  about  10  cm.  is  made 
from  the  middle  of  the  sternum  along 
the  sixth  left  costal  cartilage,  which 
is  carefully  resected  after  separating 
the  perichondrium ;  the  pleura  is  exposed  and  stripped  outward.  From  the  inner 
end  of  the  incision  a  vertical  incision  is  carried  upward  on  the  sternum  as  far  as 
is  indicated,  even  to  the  third  rib ;  a  third  incision  of  about  8  cm.  is  carried 
horizontally  outward.  A  flap  of  the 
fifth,  fourth,  and,  if  necessary,  third 
cartilages  is  lifted,  the  pleura  being 
separated  and  if  possible  left  untorn. 
The  cartilages  are  broken  readily  at  the 
costochondral  junction.  In  the  event  of 
a  small  wound  being  made  in  the 
pleura,  an  effort  should  be  made  to  limit 
the  entrance  of  air  into  the  cavity  by 
protecting  the  hole  with  gauze.  The 
pleura  is  then  carefully  stripped  out- 
ward to  expose  a  greater  surface  of 
pericardium.  The  heart  is  exposed  by 
making  a  triangular  or  rectangular 
pericardial  flap.  This  method  not  only 
affords  a  good  exposure,  but  also  per- 
mits satisfactory  primary  or  secondary 

drainage  in  a  dependent  part  of  the  pericardium  and  the  part  uncovered  by 
pleura.  Yet  for  some  cases  it  would  carry  the  exposure  unnecessarily  low. 
Therefore,  in  high  wounds  a  simpler  and  more  suitable  procedure  may  be  used 


FIG.  11. — EXPOSURE  OF  THE  HEART  (Kocher). 
Excision  of  6th  cartilage.  Osteoplastic  flap 
of  4th  and  5th  cartilages. 
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by  omitting  resection  of  the  sixth  cartilage  and  forming  a  flap  (Fie    13) 

appropriately  placed  with  pedicle  outward,   of  -    ,  ,,^  ^peciallv 

the  fourth,   fifth,  and  third.      Additional  space  in  tl..-  direction  n'eeded  may 
be  obtained  by  cutting  away  part  of  tin-  stmnnn  and  ^oction  of 

adjacent  cartilages. 

In  certain  doubtful  cases  the  primary  incision  may  be  designed  for  explora- 
tion. The  original  wound,  if  situated  in  tl,,.  preoordial  region,  n.av  then  be  ex- 
tended and  deepened  layer  by  layer,  the  edges  of  the.  origin*]  w,,und  being  ex- 
cised.  If  it  appears 
indicated,  the  in- 
cision may  be  util- 
ized for  carrying 
out  one  of  the 
methods  of  expo- 
sure already  men- 
tioned or  for  an 
appropriate  atypical 
exposure.  If  the 
original  wound  is 
not  in  the  precor- 
dial  region,  in  the 
absence  of  differen- 
tial pressure,  an  ex- 
trapleural  explora- 
tory pericardiotomy 
may  be  used  advan- 
tageously. For  this 
the  choice  lies  be- 
tween resection  of  FIG.  12.— EXPOSURE  OP  HEART  BY  KOCHER'S  PROCEDURE  (KQttner). 
the  sixth  cartilage 

(Kocher)  and  pericardiotomy  in  the  costoxiphoid  angle  ( lu-lm  >.     Resection  of 
the  sixth  cartilage  is  to  be  recommended.     The  technical  details  of  these  pro- 
cedures have  been  described  in  the  section  on  Pericardiotomy.     By  eith« 
these  methods  the  pericardium  can  be  exposed  quickly,  under  local  anesthesia 
if  necessary.     If  the  pericardium  is  found  to  contain  blood,  the  heart  m;i 
freely  exposed  by  an  osteoplastic  flap. 

For  wounds  involving  the  right  region  of  the  heart  K«".ni«r  suggests  as  the 
best  procedure  that  of  Marion,  with  the  modifications  of  \Vehr  and  Lorenz 
(Fig.  14) .  In  the  rare  condition  of  a  wound  of  the  right  side  of  the  thorax  with 
right  pneumothorax,  the  exposure  of  the  heart  should  be  planned  to  avoid  open- 
ing the  left  pleura,  especially  when  differential  pressure  is  not  used.  In 
Marion's  method  the  left  pleura  is  likely  to  be  opened ;  therefore,  if  right 
pneumothorax  is  present,  this  procedure  should  not  be  considered  in  the  ab- 
sence of  differential  pressure.  If  differential  pressure  is  not  available,  a 
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FIG.  13. — EXPOSURE  or  THE  HEART  BY  OSTEO- 
PLASTIC  FLAP,  CONTAINING  4TH  AND  STH 
COSTAL  CARTILAGES.  6th  cartilage  cut 
across. 


modification  of  the  procedure  suggested  by  Eehn,  which  is  described  below, 
should  prove  appropriate.  A  sternocostal  flap  with  base  to  the  right  should  bo 
employed,  with  secondary  removal  or  retraction  of  the  sternum  and  cartilage:, 

on  the  left  of  the  incision  to  such  an 
extent  as  is  necessary  for  the  proper 
exposure  of  the  heart. 

Eehn  has  recently  recommended  a 
method,  referred  to  above,  for  exposing 
the  heart  without  opening  the  pleura. 
An  incision  is  made  along  the  left 
costal  arch  and  another  from  the  inner 
end  of  this  upward  over  the  middle  of 
the  sternum.  The  pleura  is  pushed 
outward  on  each  side  by  a  finger  in- 
serted under  the  sternum.  The  sternum 
is  then  split  obliquely  upward  to  its  left 
margin  in  the  region  of  the  third  costal 
cartilage.  The  flap  is  forcibly  drawn 
to  the  left,  following  division  of  the 
costal  cartilages,  if  necessary,  and 
transverse  incision  of  the  soft  parts  over 
the  third  intercostal  space.  An  osteoplastic  flap  including  part  of  the  sternum 
is  thus  formed.  Eehn  also  suggests  a  more  elaborate  procedure  (Fig.  15), 
namely,  bilateral  incisions  along  the  costal  arch  with  median  incision  upward 
over  the  sternum;  the  sternum  is  bi- 
sected to  the  level  of  the  third  costal 
cartilage  and  there  divided  transverse- 
ly; bilateral  osteoplastic  flaps  are  thus 
formed.  The  originator  of  the  method 
claims  for  it  greater  security  against 
injury  to  the  pleura,  but,  as  we  have 
emphasized  previously,  the  employment 
of  differential  pressure  makes  it  un- 
necessary to  use  such  elaborate  methods. 
LOCATION  OF  THE  WOUND. — Af- 
ter exposure  of  the  heart,  if  any  diffi- 
culty is  encountered  in  locating  the 
wound,  the  index  and  middle  fingers  of 
the  left  hand  may  be  inserted  posterior 
to  the  heart,  the  thumb  being  placed  on 
its  anterior  surface,  and  it  may  then  be 

lifted,  turned,  or  drawn  downward  for  inspection  (Fig.  8)  (Eehn).  But  if 
hemorrhage  is  excessive,  the  method  suggested  by  Sauerbruch  and  Haecker 
(Figs.  16,  17)  may  be  used  advantageously.  In  this  method  the  left  hand  is 


FIG.  14. — EXPOSURE  OF  THE  HEART  BY  OSTEO- 
PLASTIC FLAP  WITH  PEDICLE  INTERNAL,  AC- 
CORDING TO  MARION,  WEHR  AND  LORENZ. 


OPERATIONS    UPON    T11K    IIKAK1 


599 


inserted  so  that  the  right  auricle  with  its  entering  vessels  lies  between  the  third 
and  fourth  fingers,  while  the  thumb  and  index  finger  grasp  the  lower  portion 
of  the  heart  and  luxate  it  upward  ;  thi.-,  they  say,  serves  to  bend  the  vessels  and 
control  bleeding,  while  at  the  same  time  the  heart  wound  i-  n-ndcred  accessible. 
Rehn  suggests  controlling  hemorrhage  by  compressing  the  ii 
the  superior  vena  cava  with  the  fingers  of  the  left  hand. 

HEART  SUTURE.— For  suturing  the  In-art .  Uth  dtromicued  <-atgut  and  silk 
have  been  used.  But  the  interrupted  silk  suture,  well  vaseliiu-1.  has  much  to 
commend  it,  in  that  it  offers  a  finer  material,  which  causes  the  minimum  of 


FIG.   15.— EXTRAPLEURAL  EXPOSURE  OF  HEART  ACCORDING  TO  RtHN  (Handbuch  der 

Chimrgie). 

trauma,  is  well  tolerated,  allows  the  knots  to  be  tied  more  securely,  and  is  not 
loosened  by  subsequent  softening  of  the  suture  material  at  the  knots.    In  a  case 
of  wound  of  the  left  ventricle  reported  by  Schoenborn  catgut  sutures  were 
and  were  found  at  autopsy,  a  few  hours  later,  so  loose  that  they  probably  would 
have  given  way. 

After  the  controlling  stitch  has  been  placed,  it  should  not  be  difficult  in 
most  cases  to  insert  the  remaining  stitches.  In  my  case  this  was  done  quite 
easily  by  having  the  assistant  draw  on  the  first  stitch  with  one  hand  and  control 
the  bleeding  by  pressure  with  a  finger  of  the  other  hand ;  for  each  subsequent 
stitch  this  finger  was  momentarily  lifted.  It  was  found  impossible  to  differen- 
tiate between  systole  and  diastole  in  tying  the  sutures,  and  case  reports  show 
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FIG.  16. 


this  to  be  a  common  experience.  The  suture  should  not  penetrate  the  heart 
wall,  yet  reports  indicate  that  in  thin-v/alled  portions  of  the  heart  it  is  impos- 
sible to  determine  accurately  the  depth  of  a  suture.  Occasionally,  as  in  cases 
reported  by  Neumann  and  E.  Hesse,  cardiorrhaphy  is  unsuccessful  on  account 
of  friability  of  the  heart  muscle  and  persistent  cutting  through  of  the  sutures. 
In  such  an  event  the  latter  recommends  cardiopericardioplasty. 

For  cessation  of  the  heart 
action  during  operation,  gen- 
tle massage  is  indicated.  In- 
jections of  salt  solution  into 
the  cavity  of  the  left  ventricle 
(Giitig)  and  camphor  (F. 
Hesse)  or  adrenalin  (Leich- 
ner)  into  the  wall  of  the  ven- 
tricle have  been  tried  but 
without  encouraging  results. 

After  the  heart  has  been 
repaired,  a  saline  infusion 
should  be  begun  and  the  lung 
should  be  inspected  when  an 
injury  seems  probable,  be- 
cause a  neglected  pulmonary 
injury  may  lead  to  a  fatal  out- 
come. Death  in  one  of  Hein- 
richsen's  cases  was  due  to  a 
simultaneous  injury  of  the' 
lung  which  had  been  over- 
looked. The  importance  of 
this  step  is  further  empha- 
sized by  statistics,  which  indicate  that  the  lung  is  injured  in  a  large  proportion 
of  the  cases;  in  13  per  cent,  of  stab  wounds,  according  to  Loison. 

PERICARDIAL  SUTURE. — The  closure  of  the  pericardia!  sac  should  be  made 
with  interrupted  catgut  sutures,  because  tension  between  the  edges  of  the  wound 
may  occur  not  only  at  the  time  of  the  operation  but  later  as  a  result  of  disten- 
tion  of  the  sac  with  serum;  distribution  of  the  strain  among  a  number  of 
stitches  renders  the  suture  more  secure. 

DRAINAGE. — The  question  of  drainage  is  important,  since  a  large  proportion 
of  cases  are  lost  as  a  result  of  infection  of  the  pericardial  or  pleural  cavities.  It 
is  fair  to  assume  that  faulty  judgment  in  the  matter  of  drainage  is  often  re- 
sponsible. 

There  are  strong  arguments  for  and  against  pericardial  drainage,  which  may 
be  briefly  considered :  It  is  probable  that  a  considerable  postoperative  exuda- 
tion of  serum  is  not  infrequent  after  operations  on  the  heart,  as  is  evidenced  by 
the  cases  of  Magenau  and  Torre,  which  were  not  drained,  and  my  case,  in 
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FIGS.  16  AND  17. — METHOD  OF  GRASPING  HEART  IF  HEM- 
ORRHAGE is  EXCESSIVE  (Sauerbruch  and  Haecker). 
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which  no  drain  entered  the  pericardial  sac.     Should  this  scrum  bo  confined 
within  the  pericardial  sac,  the  heart  action  may  be  impair*  Q  the  cases  of 

Proust  and  Magenau,  in  which  the  heart  action  improved  aft«T  liU- rating  the 
fluid;  should  it  accumulate  in  the  soft  parts  outside  of  tin-  pericardial  sac,  it 
would  favor  extensive  suppuration.  Hence  mi  exit  for  this  fluid  would  ; 
an  advantage.  If  infection  has  been  introduced  by  the  original  wound  or  during 
the  operation,  drainage  will  obviously  be  an  advantage.  If  care  is  taken  in  tin- 
dressings,  subsequent  infection  should  not  occur,  .-in<-e  the  discharge,  although 
free,  persists  as  a  rule  for  only  a  few  days.  While  dangerous  accumulation  of 
serum  may  be  removed  by  puncture  and  aspiration,  the  procedure  is  not  without 
danger,  and  the  indications  are  not  clear  until  serious  symptoms  have  devel- 
oped. 

On  the  other  hand,  the  irritation  of  a  drain  projecting  into  the  sac  might 
reasonably  be  supposed  to  favor  excessive  exudation,  as  occurred  in  the  cases  of 
Schoenmaker,  Proust,  Neugebauer  and  Renner,  and  the  formation  of  adhesions, 
which  militate  against  the  best  functional  activity.  That  serious  results  may 
be  due  to  adhesions  is  shown  by  Walther's  case  of  stab  wound  of  the  right  ven- 
tricle which  was  sutured.  Three  years  and  8  months  after  operation  death 
occurred  as  the  result  of  cardiac  insufficiency.  At  autopsy  extensive  cardio- 
pericardial  adhesions  were  found ;  the  cicatrix  appeared  as  a  wide  translucent 
area,  and  at  this  site  the  heart  wall  was  very  thin,  though  there  was  no 
aneurysm. 

It  is  evident  that  drainage  in  each  case  must  be  decided  by  the  individual 
indications.  In  some  cases  in  which  there  is  short  exposure  and  little  trauma, 
closure  without  drainage  should  be  carried  out;  on  the  other  hand,  when  the 
nature  of  the  wound  and  the  operation  render  infection  probable,  the  drain 
should  penetrate  slightly  into  the  sac.  But  in  most  cases,  on  the  basis  of  the 
above  reasoning,  it  appears  safest  to  treat  the  detail  of  pericardial  drainage  as 
follows :  First,  to  leave  unsutured  a  small  portion  of  the  lowermost,  or  in  an 
intercostal  incision  the  innermost,  part  of  the  pericardial  wound,  so  that  in  the 
event  of  a  large  accumulation  of  serum  the  fluid  may  exude  through  the  open- 
ing, and,  second,  to  provide  a  surface  exit  for  the  serum  by  inserting  a  drain 
down  to  but  not  into  the  pericardial  sac.  This  method  was  efficient  in  my  own 
case.  A  cigarette  or  rubber  tissue  drain  should  prove  the  most  satisfactory.  As 
suggested  by  case  reports,  any  form  of  drain,  such  as  gauze,  which  is  like 
obstruct  and  not  drain  should  be  avoided.  On  the  other  hand,  a  rubber  tube, 
while  best  for  drainage,  might  communicate  with  the  pleural  cavity  when  this 
has  been  opened,  especially  in  an  intercostal  incision,  and  cause  a  pneumo- 
thorax. 

Drainage  of  the  pleural  cavity  has  been  urged,  notably  l>v  F.  llesse.  on  the 
theory  that  infection  in  the  pleural  cavity  that  has  been  opened  is  peculiarly 
prone  to  occur,  not  only  as  the  result  of  the  wound  or  ordinary  operative  infec- 
tion, but  as  the  result  of  air  infection,  since  air  is  sucked  in  and  expelled  with 
every  respiratory  movement.  Moreover,  the  pleural  resistance  is  diminished  by 
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prolonged  exposure  to  the  air,  operative  traumatism,  postoperative  pneumo- 
thorax,  and  the  persistence  of  blood  or  the  accumulation  of  exudate  in  the  cavity. 
Further,  the  pleura  does  not  react  to  the  same  degree  as  the  peritoneum  in 
localizing  inflammatory  processes  through  adhesions. 

Against  drainage  may  be  urged  the  resulting  pneumothorax,  which  can  be 
entirely  eliminated  by  differential  pressure  when  drainage  is  not  used,  and  the 
danger  of  infection  from  without,  as  the  result  of  the  drainage.  Infection  in  a 
drained  case  is  difficult  to  prevent  because  the  discharge  in  such  cases  is  usually 
copious  and  prolonged  (cf.  cases  of  F.  Hesse,  1909,  Einar  Key,  and  others). 

Statistical  analyses  of  reported  cases  do  not  aid  as  much  as  might  be  expected 
in  deciding  the  question  of  drainage ;  conclusions  based  on  the  statistics  are  not 
convincing  by  reason  of  the  numerous  modifying  factors  in  each  case,  such  as 
associated  lesions.  Further,  accurate  statistics  are  impossible,  because  many 
unsuccessful  cardiorrhaphies  remain  unpublished;  moreover,  complete  details 
of  published  cases  are  often  not  given.  Yet  recent  writers  have  been  some- 
what influenced  by  statistical  studies.  Thus,  E.  Hesse  favors  closure  of  the 
pleura  and  pericardium  on  the  basis  of  his  own  experiences  and  the  following 
statistical  considerations: 

Pericardium  and  pleura  were  closed  in  30  cases,  21  (70  per  cent.)  recovered. 

Pericardium  and  pleura  drained  in  43  cases,  25   (58  per  cent.)  recovered. 

Pericardium  closed,  pleura  drained  in  25  cases,  10  (40  per  cent.)  recovered. 

Pericardium  closed,  no  statement  as  to  pleura,  in  15  cases,  10  recovered. 

Pericardium  drained,  no  statement  as  to  pleura,  in  8  cases,  4  recovered. 

Hesse's  personal  cases  in  which  the  patient  survived  operation :  both  closed, 
6  cases,  5  cures;  both  drained,  6  cases,  1  cure;  pericardium  closed,  pleura 
drained,  3  cases,  no  cures. 

On  the  other  hand,  although  the  statistical  compilation  of  Rehn  (1907) 
does  not  show  the  advantage  of  closure  of  the  pleura,  Rehn  proclaimed  himself 
against  pleural  drainage. 

Tiegel  argues  that  pleura  and  pericardium  should  be  drained,  and  that 
the  drainage  of  each  cavity  should  be  at  its  most  posterior  and  dependent 
part.  He  suggests  an  ingenious  device  to  accomplish  this.  The  method,  he 
states,  enters  into  consideration  only  when  the  pleural  cavity  has  been  opened 
in  the  pericardiotomy  and  when  there  are  no  adhesions  to  interfere.  A  tube  is 
passed  from  the  opening  in  the  posterior  wall  of  the  pericardial  sac  through  the 
posterior  part  of  the  pleural  cavity  and  through  a  punctured  wound  between 
the  ribs  to  the  surface  of  the  back.  At  the  point  where  it  leaves  the  pleural 
cavity  the  tube  is  fenestrated.  The  outer  end  of  the  tube  is  provided  with  a 
valve  to  prevent  the  entrance  of  air.  The  method  appears  too  complicated  to 
be  recommended. 

It  is  my  opinion  that  the  pleural  cavity  should  not  be  drained  as  a  "prophy- 
lactic" step  against  possible  infection  unless  there  are  very  strong  reasons  for 
suspecting  infection.  In  general,  the  accumulated  blood  should  be  removed 
entirely  from  the  pleural  cavity  by  aspiration  and  gentle  sponging,  avoiding,  as 
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far  as  possible,  injury  to  the  pleura.  The  pleura!  wounds  should  be  carefully 
closed  with  distention  of  the*  lung  if  differential  pressure  is  used.  Kvidences  of 
pleural  infection  should  ho  watched  for,  and,  if  necessary,  drainage  established 
later,  as  has  been  done  in  a  number  of  cases.  In  <-.\re|.tii.naI  cases,  where  ex- 
posure has  been  prolonged  and  when  t'n.m  the  nature  of  the  wound  and  its 
administration  infection  appears  probable,  the  th..rax  .-h.Mild  U-  drained,  espe- 
cially if  differential  pressure  has  not  been  n.-ed.  The  drainage  should  be  made 
posteriorly  just  as  in  empyema;  as  emphasized  by  F.  Hesse,  anterior  drainage 
can  be  of  little  use. 

CLOSURE  OF  SUPERFICIAL  WOUND. — Closure  of  the  superficial  part*  of 
the  wound  is  made  with  interrupted  buried  catgut  sutures.  If  a  Hap  operation 
has  been  performed,  the  flap  is  first  carefully  replaced.  The  skin  is  closed  with 
interrupted  sutures  and  a  copious  dressing  applied. 

Postoperative  Care. — Quiet  is  the  essential  feature.  For  restlessness, 
morphin  should  be  administered.  Failure  of  the  heart  must  be  treated  with 
appropriate  but  sparing  cardiac  stimulants.  Saline  solution  should  be  admin- 
istered by  rectum. 

It  is  essential  that  extreme  care  be  taken  during  the  dressings  of  the  wound 
to  avoid  secondary  infection  through  the  drainage  tract.  Free  serous  discharge 
is  the  rule;  therefore,  frequent  dressings  are  indicated.  Under  favorable  con- 
ditions the  drain  can  be  removed  about  the  fourth  day. 

In  the  after-care,  pneumonia  and  other  complications  must  be  watched  for 
and  treated,  but  the  most  frequent  and  most  dangerous  complications  are  sup- 
purative  pericarditis  and  empyema.  They  must  be  borne  in  mind  and  treated 
by  appropriate  drainage  as  soon  as  recognized. 

Results. — E.  Hesse  (1911)  collected  219  cases  of  cardiorrhaphy  with  11  6 
deaths  and  103  recoveries.  He  points  out  that  this  ratio  gives  a  false  impression 
of  the  percentage  of  cures,  because  numerous  failures  are  doubtless  not  report <*d. 
He  calls  attention  to  the  relatively  small  number  of  cases  in  the  United  States 
and  England  and  the  large  number  in  Italy  and  Russia.  The  number  of  re- 
ported cases  has  increased  rapidly  in  recent  years.  Statistical  compilations  of 
the  cases  of  heart  suture  have  been  made  by  Peck,  1909,  and  Pool,  1 '.» 1  "2.  These 
compilations  supplement  one  another.  The  aggregate  of  cases  was  - 

Conclusions. — 1.     The  treatment  of  heart  wounds  should  be  surreal, 
in  suspected  wounds  of  the  heart,  when  the  diagnosis  is  probable  but  not  posi- 
tive, exploration  should  be  performed. 

2.  Careful  preparation  of  the  field  of  operation  is  essential,  since  many 
fatal  results  have  been  due  to  sepsis. 

3.  Light  general  anesthesia,  preferably  ether,  should  be  administered  when 
there  are  signs  of  sensibility. 

4.  It  is  important  to  recognize  that  in  a  large  proportion  of  heart  wounds 
the  pleura  is  opened  and  that  an  extrapleural  cardiorrhaphy  is  rarely  possible. 

5.  Differential  pressure  offers  marked  advantages  chiefly  by  eliminating 
the  immediate  and  minimizing  the  late  dangers  due  to  pneumothorax.     Its  use 
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expedites  the  operation  by  allowing  a  free  transpleural  exposure.  But  prior  to 
the  control  of  bleeding  from  the  heart  wound,  positive  pressure  should  be  used 
with  great  care  because  it  may  increase  hemorrhage. 

6.  (a)  A  transpleural  exposure  with  long  intercostal  incision  is  ordinarily 
the  best  because  it  affords  free  exposure  of  the  heart,  can  be  applied  much  more 
quickly  than  other  procedures,  and  causes  less  hemorrhage.      This   exposure 
should  be  employed  when  differential  pressure  is  used,  when  speed  is  impor- 
tant, or  when  pneumothorax  is  present. 

(&)  An  effort  to  do  an  extrapleural  operation  is  warranted  in  exceptional 
cases.  The  indications  are :  differential  pressure  not  available,  pneumothorax 
not  present,  no  injury  to  the  pleura  such  as  would  render  the  effort  useless, 
adequate  assistance,  and  relatively  good  condition  of  the  patient.  Under  these 
conditions,  a  flap  with  pedicle  outward  is  advisable. 

(c)  In  some  cases  in  which  the  diagnosis  is  in  doubt,  extrapleural  explora- 
tory pericardiotomy  may  be  performed  by  resection  of  the  sixth  costal  cartilage, 
as  in  the  primary  incision  of  Kocher's  flap  operation. 

(d)  Atypical  procedures  are  at  times  indicated. 

7.  Fine  vaselined  silk  on  a  curved  intestinal  needle  is  the  best  material  for 
heart  suture. 

8.  The  pericardium  should  be  closed  with  interrupted  catgut  sutures. 

9.  Pericardial  drainage  may  be  dispensed  with  in  some  cases  when  there 
is  short  exposure  and  little  trauma,    A  drain  should  enter  the  pericardium  to  a 
slight  extent  when  the  nature  of  the  wound  renders  infection  probable.    But  in 
most  cases  it  is  best  to  insert  a  drain  down  to  but  not  into  the  pericardial  wound, 
a  small  part  of  which  should  be  left  unsutured.     In  this  way  an  exit  is  pro- 
vided for  the  large  accumulation  of  serum  which  is  likely  to  occur,  and  irrita- 
tion of  the  pericardium  by  the  presence  of  a  drain  is  avoided. 

10.  Pleura!  drainage  is  a  prophylactic  step  which  is  often  unnecessary 
and  likely  to  be  harmful.     Unless  there  is  a.  strong  probability  of  infection,  it 
is  better  to  delay  drainage  until  infection  has  occurred  and  then  do  a  secondary 
thoracotomy. 

Illustrative  Case. — A  brief  review  of  a  case  of  heart  suture  which  came  un- 
der the  observation  of  the  writer  will  emphasize  practical  details  of  the  opera- 
tion and  postoperative  course, 

In  July,  1911,  a  young  man,  24  years  old,  was  brought  to  the  New  York  Hospital 
about  30  minutes  after  he  had  attempted  to  commit  suicide  by  stabbing  himself  with 
a  knife  over  the  heart.  He  was  in  a  condition  of  profound  shock;  the  pulse  was  im- 
perceptible in  the  radial  arteries;  the  heart  sounds  were  audible  but  distant  and 
muffled;  percussion  indicated  an  increase  in  the  area  of  cardiac  dulness.  There  was 
•a  wound  about  l/2  in.  in  length  in  the  fourth  intercostal  space  just  mesial  to  the  nipple. 
A  probe  inserted  a  short  distance  showed  that  the  direction  of  the  wound  was  some- 
what upward  and  inward.  There  was  very  little  external  hemorrhage.  Operation  was 
begun  less  than  an  hour  after  the  accident. 

Light  ether  anesthesia  was  administered.  The  wound  was  extended  along  the  up- 
per border  of  the  fifth  rib  toward  the  sternum,  crossing  and  dividing  the  fifth  carti- 
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lage  near  its  insertion.  The  stab  wound  ent<-r«l  tin-  pl<-ura,  and  in  exposing  the 
pericardium  the  pleural  opening  was  increased.  Tin-  i>erieardium  was  .  n  tin* 

direction  of  the  wound,  allowing  the  escape  oi  ,;l|,l.-  |,l,H,d.  and  ti 

was  inserted  into  tin-  perieardial  sac.  It  failed  to  locate  th«-  w.mnd  in  tli,-  li.-art.  l.ut 
palpation  of  the  inner  surface  of  the  pericardium  revealed  an  opening  in  it,  corre- 
sponding in  position  to  the  original  surface  wound.  Tin-  i-\|x>sure  of  the  heart  was 
rapidly  improved  by  making  a  "trap  door."  For  thi-,  the  in.-. HOI,  wa-  .-arri^l  up- 
ward along  the  sternum  and  outward  along  the  lower  margin  of  the  third  cocUl 
cartilage.  The  cartilages  of  the  third  and  fourth  ribs  w.-n-  divided  el.,*<-  to  the 
sternum,  the  third  being  readily  exposed  by  retra<-tin-  tin  -..ft  parts  upward  The 
2  cartilages  were  then  carefully  lifted,  separated  from  the  pleura,  and  fraetured  at  the 
costochondral  junction,  forming  a  flap  with  skin  and  muscles  attached;  resection  of 
the  fifth  cartilage  was  contemplated  but  was  delayed  and  did  not  prove  necessary.  The 
internal  mammary  was  clamped  and  ligated  above  and  below  when  exposed.  The  open- 
ing in  the  pericardium  was  enlarged  by  an  incision  upward  near  the  sternum,  making 
a  triangular  flap.  Hemorrhage  was  very  free;  the  operative  field  was  a  lake  of  blood 
in  which  were  churned  bubbles  of  air. 

Palpation  revealed  the  rent  in  the  heart,  which  admitted  the  tip  of  the  index 
finger.  As  the  finger  was  withdrawn  from  the  hole,  a  well-vaselined  silk  suture  was 
passed  from  above  downward  on  a  fine  curved  intestinal  needle;  this  was  tied  and  left 
long.  By  gentle  traction  on  this  suture  the  heart  was  readily  lifted  and  rotated,  so 
that  the  wound  was  rendered  visible  and  readily  accessible.  The  wound  involved  the 
left  margin  of  the  heart  somewhat  posteriorly;  it  was  about  Vfc  in.  in  length,  trans- 
verse on  the  long  axis  of  the  heart,  and  approximately  l1/^  in.  above  the  apex.  Though 
the  wound  was  partially  closed  by  the  first  suture,  blood  gushed  out  whenever  the 
finger  was  momentarily  lifted  to  pass  a  stitch.  Five  stitches  were  inserted  and  ti«-d 
before  the  bleeding  was  completely  controlled.  All  visible  blood  was  then  removed 
and  the  pericardium  closed  with  interrupted  catgut  stitches.  There  was  considerable 
tension  between  the  edges  of  the  pericardial  wound,  which  caused  some  gaping  be- 
tween the  stitches  in  the  lower  mesial  part.  The  flap  was  replaced  and  chromic  stitches 
used  to  repair  muscles  and  fascia.  The  skin  was  closed  with  silk.  In  the  outer  angles 
of  the  wound,  rubber  tissue  drains  were  inserted.  At  the  lower  mesial  angle  of  the 
wound,  a  rubber  tissue  drain  was  inserted  down  to  but  not  into  the  pericardium.  After 
the  wound  in  the  heart  had  been  closed,  an  infusion  of  16  ounces  of  salt  solution  was 
given.  The  operation  took  about  30  minutes. 

Postoperative  Course.— For  24  hours  after  the  operation  the  patient  was  restless, 
irritable,  and  thirsty.  He  was  given  morphin  freely  and  saline  continuously  by  rec- 
tum. During  this  time  the  highest  pulse  rate  was  128;  respirations  were  24  to  28; 
temperature  102°.  When  the  dressing  was  changed  at  the  end  of  16  hours  and  the 
drains  were  removed,  a  very  large  quantity  of  clear  serum  exuded  from  the  drainage 
openings.  A  rubber  tissue  drain  was  therefore  reinserted  at  the  lower  inner  angle.  A 
similar  discharge  occurred  again  at  the  next  dressing,  30  hours  after  the  operation. 
At  that  time  the  pulse  had  risen  to  132;  the  temperature  remained  102°.  White  blood 
cells  were  19,000,  polymorphonuclears  83  per  cent.  The  serous  discharge  continued  to 
be  free  until  48  hours  after  the  operation,  when  the  single  remaining  drain  was  re- 
•moved  from  the  lower  and  inner  angle  of  the  wound.  At  this  time  the  pulse  was  112, 
temperature  101°,  respirations  24.  The  patient  was  refractory,  refused  to  eat,  and 
was  very  irritable  and  restless. 

On  the  fourth  day  the  condition  was  good,  pulse  104  to  124,  temperature  102°, 
wound  dry  and  clean.  On  the  sixth  day  a  large  amount  of  serum  exuded  from  the 
wound,  after  which  the  pulse  became  very  rapid.  On  the  seventh  day  there  was  con- 
stant free  discharge  of  clear  serous  fluid  requiring  frequent  dressings.  The  patient 
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still  refused  nourishment,  was  extremely  weak,  and  appeared  to  be  in  serious  condi- 
tion. On  the  eighth  day  the  patient  was  persuaded  to  eat.  The  wound  was  dry  and 
clean,  temperature  normal,  pulse  90.  From  this  time  the  convalescence  was  uneventful. 
The  patient  was  allowed  up  on  the  eighteenth  day  and  discharged  from  the  Hospital  on 
the  twenty-fifth  day.  He  was  seen  3  years  after  the  operation.  His  condition  was 
excellent. 

FOREIGN   BODIES   IN   THE    HEART 

Foreign  bodies  may  reach  the  heart  through  the  walls  of  the  thorax,  which  is 
the  most  common  route;  occasionally  through  the  blood-vessels;  and  rarely  by 
ulceration  through  the  wall  of  the  esophagus.  There  are  cases  in  which  the  site 
of  entrance  of  the  foreign  body  or  the  mechanism  of  its  passage  to  the  heart 
cannot  be  ascertained. 

Besides  the  relatively  common  objects  that  have  been  reported,  namely,  bul- 
lets, buckshot,  broken  ends  of  weapons,  needles  and  pins,  the  heart  has  been 
found  to  contain  fish  bones,  slivers  of  wood  or  glass,  tooth-picks,  thorns,  linen 
fibers,  hair,  paper  wads,  and  arrow  heads.  Foreign  bodies  have  been  recorded 
in  various  parts  of  the  heart  muscle  and  within  the  chambers  of  the  heart. 

THE  SURGICAL  TREATMENT  OF  FOREIGN  BODIES  IN  THE  HEART 

1.  Foreign  Bodies  Which  Involve  the  Heart  and  Can  Be  Seen  or  Felt  Exter- 
nally.— The  involvement  of  the  heart  is  suggested  by  movement  of  the  foreign 
body  synchronously  with  the  heart.     It  must  be  understood  that  even  cautious 
extraction,  which  is  usually  recommended,  may  be  followed  by  serious  hemor- 
rhage.   This  has  been  illustrated  by  numerous  observations.    On  the  other  hand, 
should  extraction  of  the  body  be  delayed,  as  is  recommended  by  some,  its  pro- 
longed presence  favors  infection.    Neither  of  these  courses  can  be  recommended 
for  routine  use.     The  choice  of  procedure  must  depend  upon  the  probability  of 
penetration  into  the  interior  of  the  heart,  the  likelihood  of  infection,  evidences 
of  existing  hemorrhage,  size  of  the  body  causing  the  wound  and  the  condition  of 
the  patient.     Under  some  conditions,  as  in  a  wound  produced  by  a  needle  or 
other  small  object,  if  there  is  no  evidence  of  hemopericardium,  the  foreign  body 
may  be  slowly  withdrawn,  preparations  having  been  made  for  immediate  opera- 
tion if  this  should  prove  necessary.     But  in  general,  as  has  been  emphasized  un- 
der wounds  of  the  heart,  pericardiotomy  should  be  performed.     Thus,  the  lesion 
in  the  heart  may  be  inspected,  the  wound  repaired,  the  pericardium  freed  from 
blood,  and  provision  made  for  drainage  if  this  is  indicated. 

2.  Small  Bodies  Introduced  Through  Recent  Wounds.— The  second  class  of 
foreign  bodies  in  the  heart  includes  small  bodies  such  as  bullets,  wads  and  frag- 
ments of  weapons  which  have  been  introduced  through  recent  wounds.     Under 
these  conditions,  the  immediate  treatment  is  that  of  a  wound  or  a  suspected 
wound  of  the  heart.    The  recognition  and  removal  of  the  foreign  body  is  a  coin- 
cidence and  not  the  object  of  the  operation. 
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3.     Foreign  Bodies  Which  Have  Become  Permanently  Lodged  in  the  Heart. 

-These  demand  operation  only  if  they  interfere  with  tin-  cardiac,  fun<- 
That  a  foreign  body  may  hi-  pn>ent  in  the  heart  without  imticrahl,.  e:fe<-t  ha- 
been  demonstrated  by  numerous  cases  in  which  bodies,  such  as  needles  and  bul- 
lets, have  been  discovered  at  autopsy,  their  presence  having  caused  no  disturb- 
ance during  life.  The  effect  of  a  foreign  body  upon  the  action  of  the  heart  is 
influenced  more  by  its  position  than  by  its  si/.e.  The  physiological  importance 
of  certain  cardiac  areas  is  such  that  a  local  le>i..n  or  irritation  U  followed  |,\ 
profound  disturbance  of  the  heart  action,  even  by  arrest  of  the  heart.  More- 
over, disturbance  of  the  heart  action  is  apparently  apt  to  persist  as  long  as  a  for- 
eign body  remains  movable,  but  is  likely  to  subside  after  it  becomes  fixed.  The 
diagnosis  of  a  foreign  body  in  the  heart  and  its  accurate  localization  rest  essen- 
tially upon  the  radiographic  findings,  as  the  clinical  picture  is  in  no  way 
pathognomonic. 

If  the  function  of  the  heart  is  disturbed  and  X-ray  examination  reveals  the 
presence  of  a  foreign  body,  it  is  justifiable  to  expose  the  heart  for  the  purpose  of 
removing  the  body,  provided  the  condition  of  the  patient  warrants  the  risk  and 
there  is  a  probability  that  the  body  lies  in  an  accessible  position. 

CABDIAC    MASSAGE 

Kehn  states  that  cardiac  massage  has  been  raised  to  the  rank  of  an  ac- 
credited procedure  which  is  applicable  in  cases  of  imminent  death  as  a  result 
of  arrest  of  the  heart  under  general  narcosis.     Massage  may  be  administered 
directly  to  the  heart,  or  indirectly  through  the  chest  wall.     Wicde  states  that 
the  aim  is,  first,  to  stimulate  the  heart  to  renewed  activity  (it  has  been  sug- 
gested that  the  expression  of  blood  into  the  coronary  vessels  is  important  in  this 
respect)  ;  and,  second,  to  provide  an  exchange  of  the  blood  in  the  body  during 
the  suspension  of  the  heart  action.     Schiff,  the  originator  of  the  method,  d- 
nated  it  as  artificial  circulation,  but  opinions  differ  as  to  the  applicabilit 
such  a  term. 

Cardiac  massage  must  be  begun  within  a  few  minutes  after  arrest  of  the 
heart  (5  minutes,  Jurasz;  10  minutes,  Wiede)  because  the  cerebrum  does  not 
tolerate  absence  of  blood  supply  for  a  long  period,  but  it  is  uncertain  how  long 
after  suspension  of  its  activity  the  heart  can  be  revived. 

Direct  massage  has  been  recommended  as  a  last  resort  in  desperate  cases  of 
arrest  of  the  heart.  Injurious  sequelae  have  not  been  noted  after  recovery,  but 
frequent  failures  have  resulted. 

METHODS  OF  APPROACH. — The  methods  of  approaching  the  heart  are  as 
follows : 

1.  Transthoracic  Method.     Access  to  the  heart  is  obtained  by  an  osteo- 
plastic  flap  containing  the  fourth  and  fifth,  or  the  third,  fourth  and  fifth  carti- 
lages. 

2.  Transdiaphragmatic  Method.     A  vertical  incision  is  made  below  the 
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ensiform  cartilage  opening  the  peritoneal  cavity  and  a  second  incision  is  made 
through  the  diaphragm  into  the  pericardium. 

3.  Sub  diaphragmatic  Method.  This  differs  from  the  transdiaphragmatic 
in  that  only  the  abdominal  incision  is  made;  with  the  hand  immediately  be- 
neath the  flaccid  diaphragm  the  heart  is  massaged. 

In  the  transthoracic  method  the  pleura  is  usually  opened  with  resulting 
pneumothorax.  The  transdiaphragmatic  method  avoids  pneumothorax  but  it 
does  not  appear  to  offer  any  advantages  over  the  subdiaphragmatic  method. 

The  subdiaphragmatic  method,  according  to  most  authorities,  is  the  simplest 
and  quickest  for  rendering  the  heart  accessible  for  massage  and  affords  the  best 
results.  The  abdominal  incision  is  made  and  the  right  hand  is  inserted  above 
the  stomach  and  the  left  lobe  of  the  liver,  elevating  the  immobile  diaphragm  be- 
tween the  thumb  and  the  next  2  fingers.  The  left  hand  is  placed  upon  the  pre- 
cordial  region  for  counter  pressure.  Applying  the  force  steadily,  the  ventricle 
can  be  emptied.  The  heart  dilates  again  and  is  again  depleted,  mainly  by  com- 
pression with  the  fingers  of  the  right  hand.  The  rate  should  be  from  40  to  70 
per  minute.  In  successful  cases,  after  a  minute  or  less,  a  feeble  thrill  will  be 
felt,  a  delicate  contraction  will  follow,  then  a  series  of  fluttering  contractions, 
and,  lastly,  definite  rhythmical  but  rapid  contractions,  with  return  of  the  pulse 
in  the  radials.  The.  cardiac  massage  and  artificial  respiration  should  be  con- 
tinued for  some  time  after  the  first  spontaneous  heart  contractions  and  respira- 
tory movements.  (Description  after  White.) 

Jurasz  is  in  favor  of  employing  subdiaphragmatic  cardiac  massage  without 
delay  in  all  cases  in  which  the  abdominal  cavity  is  already  open.  In  other  cases 
it  must  be  left  to  the  judgment  of  the  operator  whether  valuable  time  should  be 
consumed  in  opening  the  abdomen  to  institute  massage.  In  Jurasz's  opinion 
the  delay  should  never  exceed  5  minutes. 


TRENDELENBURG 'S  OPERATION  FOR  THE  REMOVAL  OF  PULMONARY 

EMBOLI 

An  operation  was  devised  by  Trendelenburg  for  the  rapid  removal  of  emboli 
from  the  pulmonary  artery.  The  operation  was  planned  in  the  belief  that  there 
is  a  certain  proportion  of  cases  of  emboli  confined  to  one  branch  of  the  pul- 
monary artery  in  which  death  is  delayed  for  a  sufficient  time  to  allow  surgical 
intervention.  The  method  has  been  employed  in  about  13  cases  by  Trendelen- 
burg and  his  assistants  and  in  a  small  number  of  cases  in  other  clinics,  but  up 
to  the  present  time  no  recoveries  have  been  recorded. 

In  many  cases  of  pulmonary  emboli  the  patients  die  so  quickly  that  opera- 
tion is  not  possible ;  in  another  group  the  emboli  are  small  and  the  patients  re- 
cover without  operation.  According  to  Trendelenburg,  there  is  a  third  and 
relatively  large  group  in  which  an  interval  of  10  to  60  minutes  occurs  between 
the  onset  of  the  attack  and  death  of  the  patient.  It  is  for  these  cases  that  he 
advises  operation;  but  it  is  obvious  that  immediate  decision  as  to  the  need  for 
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and  feasibility  of  operation  in  a  given  case  must  be  a  matter  of  considerable 
difficulty. 

Willy  Meyer  has  recently  discussed  the  Trendelenburg  operation  in  the 
Annals  of  Surgery.  The  article  is  well  illustrated  and  contains  the  most  im- 
portant references.  The  following  description  of  tin-  t»-<-lmir  is  tak«-n  <-hi«-tly 
from  Meyer's  article. 

An  incision  about  10  cm.  in  length  is  made  along  the  second  left  rib  from 
the  border  of  the  sternum.  A  second  vertical  inrisiun  i-  ma-h-  from  the  gterno- 
clavicular  articulation  downward  to  the  third  inti'ivnstal  space.  The  soft  part* 
are  reflected  as  2  triangular  flaps,  the  exposed  portion  of  the  second  rib  and  it* 
cartilage  are  removed,  and  the  third  costal  cartilage  divided.  The  pleura  is  in- 
cised parallel  to  and  1  cm.  from  the  left  margin  of  the  sternum,  and  a  second 
pleural  incision  at  right  angles  to  the  first  is  carried  outward  at  the  level  of  the 
second  rib.  The  opening  of  the  pleura  with  collapse  of  the  In  in  •«  the  em- 

ployment of  differential  pressure  advantageous.  The  pericardium  is  next  in- 
cised vertically  at  the  level  of  the  third  rib.  The  opening  in  the  pericardium 
is  extended  upward  and  backward,  care  being  taken  to  avoid  the  phrenic  nerve, 
which  should  lie  external  to  the  pericardial  incision.  l*p  to  this  point  the  opera- 
tion should  take  about  5  minutes.  By  means  of  a  Trendelenlmr«r  sound,  a  rubber 
tube  is  passed  through  the  transverse  pericardial  sinus  so  as  to  surround  the 
aorta  and  pulmonary  artery.  Traction  is  exerted  upon  the  tube  by  an  assist- 
ant, and  an  opening  about  1  cm.  in  length  is  made  in  the  wall  of  the  pulmonary 
artery.  A  special  forceps  is  passed  into  the  opening  and  an  attempt  made  to 
grasp  and  extract  thrombi.  Forty-five  seconds  should  suffice  for  this  step.  The 
edges  of  the  wound  in  the  pulmonary  artery  are  then  lifted  by  special  forceps 
and  approximated  by  a  special  clamp.  The  tube  which  has  controlled  the  circu- 
lation is  then  released,  and  the  edges  of  the  arterial  wound  are  united  by  inter- 
rupted silk  sutures.  The  wounds  in  the  pericardium,  pleura,  and  superficial 
parts  are  closed. 

It  has  been  suggested  (Lawen,  Sievers,  Sauerbruch  and  Jciror)  that  com- 
pression of  the  2  venae  cavse,  by  which  the  circulation  may  be  safely  controlled 
for  6  to  8  minutes,  may  be  substituted  for  compression  of  the  aorta  and  pul- 
monary artery. 

EXPERIMENTAL  SURGERY  OF  THE  HEART 

The  general  principles  of  technic  are  here  quoted  from  Carrel. 

"The  bad  results  following  intrathoracic  operations  in  experimental  as  well  as 
clinical  surgery  are  due  to  a  lack  of  adaptation  of  the  technique  to  the  physiological 
conditions  of  the  chest.  The  complications  which  often  kill  the  animal  or  the  patient 
are  brought  about  directly  or  indirectly  by  the  infection  of  the  pleural  or  pericardiac 
cavities,  or  by  the  respiratory  disorders  caused  by  the  penetration  of  the  air  into  the 
thorax. 

"The  high  death  rate  is  due  to  the  lack  of  understanding  by  many  surgeon* 
the  pleura  and  pericardium  do  not  react  against  infection  to  the  same  deirree  as  the 
40  B 
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peritoneum.  The  technique  which  permits  a  successful  abdominal  operation  may  be 
insufficient  when  used  in  thoracic  surgery.  It  is,  therefore,  necessary  to  use  in  intra- 
pleural  operations  better  asepsis  than  exists  in  many  hospitals  and  laboratories. 

"The  success  of  the  more  complex  intrathoracic  operations  depends  on  the  ob- 
servance of  a  number  of  minute  details  of  technique.  It  is  necessary  to  remove  some 
of  the  factors  causing  irritation  of  the  pleura.  Handling  with  forceps  or  contact  with 
retractors,  sponging,  walling  off  with  gauze,  or  the  exposure  of  large  surfaces  to  the 
air  bring  about  irritation  of  the  pleura  and  facilitate  infection.  As  soon  as  the 
thoracic  cavity  is  opened,  the  lungs  should  be  covered  with  fine  silk  compresses  im- 
pregnated with  vaselin.  The  silk  protects  the  pleura,  without  causing  irritation,  and 
prevents  evaporation  and  desiccation  of  the  tissues.  In  order  to  prevent  cooling  of  the 
viscera,  a  piece  of  thick  flannel  is  placed  on  the  silk  compresses;  moreover,  the  tem- 
perature of  the  operating  room  is  kept  high.  All  traumatism  to  the  unprotected  pleura 
or  pericardium  is  to  be  avoided. 

"In  the  more  extensive  operations,  when  the  chest  is  widely  opened,  the  Meltzer 
and  Auer  method  of  intratracheal  insufflation  is  used.  This  method  has  the  very  im- 
portant advantage  over  all  the  others  of  permitting  the  respiratory  exchanges  to  con- 
tinue when  respiratory  movements  have  stopped  or  become  insufficient." 

Carrel  attempted  to  discover  "some  method  for  the  treatment  of  valvular 
diseases  and  localized  sclerosis  of  the  coronary  arteries.  Theoretically,  many 
operations  can  be  performed  on  the  heart;  incision  and  dilatation  of  stenosed 
valves,  cuneiform  resection  and  stenosis  of  the  upper  part  of  the  ventricle  in 
case  of  mitral  insufficiency,  curettage  of  endocardiac  vegetations,  grafting  of 
new  vessels  on  the  auricle  and  ventricle,  collateral  circulation  between  two  cavi- 
ties of  the  heart,  aorto-coronary  anastomosis,  etc."  He  states  that  "plastic  oper- 
ations on  the  heart  are  not  very  much  more  difficult  than  on  any  other  part  of  the 
body.  But  to  perform  the  operations  without  disturbing  in  an  irreparable  man- 
ner the  functions  of  the  nervous  system  and  of  the  heart  itself  is  a  very  compli- 
cated problem.  The  technique  of  these  operations  is  far  from  being  completely 
developed." 
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OHAPTEB    XIII 

THE   BREAST 
H.  H.  M.  LYLE 


ANATOMICAL   CONSIDERATIONS 

The  breast  consists  of  the  parenchyma,  the  stroma  or  connective- tissue 
framework,  and  the  fat. 

The  Parenchyma. — Stiles'  admirable  studies  of  the  surgical  anatomy  of  the 
breast  have  taught  us  that  the  gland  tissue  has  a  wider  and  more  irregular  dis- 
tribution than  was  generally  supposed.  The  main  portion  of  the  secreting  sub- 
stance is  contained  in  the  corpus  mamma?.  This  has  no  distinct  capsule  but, 
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FIG.  1.  —  THE  MAMMA  (SEMI-DIAGRAMMATIC)  SHOWING  INTRAMUSCULAR  PROTRUSION  or  CORPUS 

MAMM.«.     (After  Leaf.) 

radiating  from  the  more  compact  central  portion,  are  irregular  processes  of 
parenchyma.  These  peripheral  processes  extend  into  the  parumammary  fat 
and  become  more  and  more  subdivided.  Some  of  the  cells  pass  forward  along 
the  suspensory  ligaments  of  Cooper  to  the  deep  layers  of  the  skin,  others  back- 
ward to  the  fascia,  and  still  others  pierce  the  pectoral  fascia  to  enter  the  muscle 
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(Fig.  1).  From  the  upper  and  outer  quadrant  a  process  of  mammary  tissue, 
known  as  the  axillary  tail,  passes  into  the  axilla.  Shields  has  reported  a  case 
in  which  this  tail  crossed  the  axillary  vessels.  A  process  passes  inward  toward 
the  sternum,  another  downward  and  inward  toward  the  xiphoid,  and  still 
another  passes  downward  and  outward  toward  the  external  oblique.  The 
parenchyma  consists  of  15  to  20  lobules,  each  lobe  being  a  distinct  compound 
racemose  gland  with  its  own  excretory  duct.  The  alveoli  and  the  minute  ducts 
leading  from  them  are  lined  with  cubical  epithelium,  the  main  excretory  duct 
with  columnar  cells. 

THE  NIPPLE. — The  nipple  has  the  shape  of  a  truncated  cone,  points  for- 
ward and  upward,  and  is  situated  a  little  below  and  internal  to  the  center  of 
the  breast.  In  the  summit  of  the  nipple  are  numerous  small  pits  into  which  the 
individual  lactiferous  ducts  empty,  and  just  below  the  nipple  each  duct  dilates 
into  a  small  sac.  These  sacs  or  lactiferous  sinuses  serve  as  temporary  reservoirs 
for  the  milk.  The  nipple  is  surrounded  by  a  dark  ring,  the  areola,  which  con- 
tains from  12  to  20  modified  sebaceous  glands  (tubercles  of  Montgomery). 
The  mamillary  muscle  is  found  beneath  the  integument  of  the  nipple  and  areola. 
The  nipple  has  transverse  circular  and  longitudinal  fibers;  the  areola  mainly 
circular,  with  a  few  fibers  radiating  from  the  base  of  the  nipple.  The  circular 
fibers  compress  the  milk  ducts  and  aid  the  subareolar  muscle  in  protruding 
the  nipple;  the  longitudinal  fibers  retract  the  nipple.  There  is  no  fat  in  the 
nipple  or  immediately  below  the  areola. 

The  Stroma  or  Connective-tissue  Framework. — The  stroma  or  connective-tis- 
sue framework,  in  which  the  blood  vessels,  lymphatics,  and  nerves  ramify, 
forms  a  dense  network  of  areolar  and  connective  tissue.  The  relative  proportion 
of  parenchyma  and  stroma  varies  in  different  individuals  and  different  portions 
of  the  same  breast.  The  various  septa,  which  split  the  breast  into  the  different 
lobules,  are  branches  from  the  superficial  fascia.  The  close  relation  between  the 
superficial  fascia  is  of  developmental  origin,  the  breast  being  an  appendage  of 
the  skin.  The  fibrous  prolongations  of  the  fascia,  which  pass  from  the  skin  to 
the  anterior  aspect  of  the  corpus  mamma?,  are  known  as  the  suspensory  liga- 
ments of  Cooper.  Between  the  posterior  surface  of  the  breast  and  the  fascia 
covering  the  pectoral  muscles  lies  the  retromammary  space  (submammary 
bursa  of  Velpeau).  In  this  potential  space  retromammary  abscesses  develop 
and  cancerous  infiltration  readily  spreads. 

The  Fat. — Underneath  the  skin  the  fat  exists  in  the  form  of  lobules,  sepa- 
rated by  connective-tissue  bands  passing  from  the  skin  to  the  breast.  In  the 
corpus  mammae  the  fat  is  closely  interwoven  with  the  secreting  tissues.  On  the 
posterior  surface  of  the  breast  there  is  a  well-developed  pad  of  fat,  the  retro- 
mammary  cushion. 

The  Blood  Supply. — ARTERIES. — The  arteries  supplying  the  breast  are: 
first,  second,  third,  and  fourth  perforating  branches  of  the  internal  mam- 
mary; the  long  thoracic,  the  pectoral  branch  of  the  acromiothoracic,  and  the 
superior  branches  of  the  axillary  artery ;  second,  third,  and  fourth  perforating 
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branches  of  the  aortic  intercostal  arteries.  According  to  Rodman,  Picl  bad 
shown  that  the  principal  blood  supply  is  superficial.  The  main  arterial  Mipply 
is  derived  from  the  perforating  branches  of  tin-  internal  mammary.  These 
pierce  the  pectoralis  major,  enter  the  superficial  fascia,  and  an-  then  dis- 
tributed over  the  anterior  surface  of  the  gland. 

THE  VEINS. — The  veins  terminate  in  veins  corresponding  to  the  arteries, 
the  principal  vein  being  a  branch  of  the  internal  man  The  anastomosis 

of  veins  around  the  nipple  is  known  as  the  circle  of  Haller.  Like  the  arterial 
supply,  the  main  venous  trunks  are  superficial.  The  superficial  distribution  of 
the  blood  supply  is  taken  advantage  of  in  the  plastic  resections  for  benign  growths, 
the  resections  being  made  from  the  posterior  surface  of  the  dislocated  gland. 

The  Nerves. — The  skin  over  the  breast  is  supplied  by  the  descending 
cutaneous  branches  of  the  cervical  plexus  and  the  lateral  and  anterior  cutane- 
ous branches  of  the  second,  third,  fourth,  fifth,  and  sixth  intercostal  nerves, 
The  gland  itself  is  supplied  by  perforating  terminal  branches  of  the  fourth, 
fifth,  and  sixth  intercostals. 

The  Position  of  the  Breast. — According  to  Stiles: 

"Vertically  the  breast  tissue  extends  from  the  second  rib  to  the  sixth  costal  carti- 
lage at  the  angle,  where  it  begins  to  sweep  upward  to  the  sternum;  the  horizontal 
diameter  reaches  from  the  edge  of  the  sternum  opposite  the  fourth  costal  cartilage  to 
the  fifth  rib  in  the  mid-axillary  line.  The  inner  hemisphere  rests  almost  entirely  on 
the  pectoralis  major;  at  its  lowest  part  it  overlies  the  upper  part  of  the  aponeurosis 
covering  the  rectus  and  external  oblique  muscles.  The  upper  half  of  the  outer  hemi- 
sphere rests  upon  the  greater  pectoral,  on  the  edge  of  the  lesser  pectoral,  and  to  a 
slight  extent  on  the  serratus  magnus,  upon  which  it  extends  upward  into  the  axilla 
as  high  as  the  third  rib,  where  it  comes  into  relation  with  the  pectoral  group  of  axillary 
lymphatic  glands  situated  upon  the  inner  wall  of  the  axilla.  The  remainder  of  the 
outer  hemisphere  rests  almost  entirely  upon  the  serratus,  except  the  lowest  part,  which 
overlaps  the  fleshy  digitations  of  the  external  oblique  arising  from  the  fifth  and  sixth 
ribs.  It  follows,  therefore,  that  about  one-third  of  the  whole  mamma  lies  inferior  and 
external  to  the  axillary  border  of  the  pectoralis  major.  These  relations  have  been 
dwelt  upon  in  detail  because  the  surgeon  must  cut  beyond  the  limits  here  mentioned  if 
he  wishes  to  remove  the  whole  of  the  breast  tissue." 

Leaf,  who  in  the  main  agrees  with  Stiles'  localization,  says  that  when  the 
arm  is  extended,  %  of  the  mammae  lie  inferior  and  external  to  the  axillary 
border  of  the  pectoralis  major.  We  believe  this  to  be  the  more  accurate  «>f 

the  two. 

The  Lymphatics  of  the  Breast,  Axilla,  Underlying  Muscles,  and  Parietes. 
— A  knowledge  of  the  lymphatic  system  of  the  breast  is  essential  to  the  j 
understanding  of  the  spread  of  cancer  and  for  the  scientific  planning  of  the 
operative  attack.  Clinical  experience  has  taught  us  that  if  the  normal  lymph 
flow  be  blocked  or  retarded  the  cancer  cells,  instead  of  advancing  along  recog- 
nized lymph  paths,  will  often  take  a  direction  quite  the  contrary.  In  this  way 
distant  glands,  seemingly  without  direct  connection  with  the  original  f.vu*.  may 
become  cancerous. 
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THE  LYMPHATIC  VESSELS  OF  THE  BEEAST. — The  lymphatic  vessels 
(Figs.  2,  20)  are  arranged  in  2  groups:  the  cutaneous  and  the  glandular  or 
mammary.  The  cutaneous  group  is  composed  of  central  and  peripheral  vessels. 
The  central  vessels  form  an  intricate  network  around  the  nipple  and  areola. 
From  this  meshwork  trunklets  pass  into  the  subareolar  plexus  of  Sappey,  which 
plexus  also  receives  the  majority  of  the  mammary  lymphatics.  Handley  claims 
that  they  "drain  chiefly  into  the  deep  fascial  plexus  and  pass  indirectly  to  the 
axillary  vessel/'  a  conclusion  that  accords  with  other  known  facts  of  dissemina- 
tion, and  especially  with  the  work  of  Heidenhain.  The  peripheral  set  passes  to 
the  fascial  plexus  on  the  pectorals  and  ends  in  the  central  group  of  axillary 
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FIG.  2.  —  DIAGRAM  SHOWING  LYMPHATICS  OP  BBEAST.     (After  Leaf.) 

glands.  The  cutaneous  lymphatics  may  anastomose  with  the  lymphatics  of  the 
other  hreast.  Some  of  the  lymphatics  from  the  skin  of  the  inner  portion  of  the 
breast  may  drain  into  the  lymphatics  which  run  with  the  perforating  branches 
of  the  internal  mammary,  while  others  may  pass  into  the  central  group  of  glands 
of  the  opposite  axilla.  Poirier  and  Cuneo  have  described  a  set  of  vessels  which 
drain  the  upper  part  of  the  breast  and  pass  directly  over  the  clavicle  into  the 
supraclavicular  glands.  Occasionally  these  same  lymphatics  empty  directly 
into  the  infraclavicular  glands. 

The  glandular  lymphatics  commence  in  the  perilobular  connective  tissue  and 
follow  the  milk  ducts,  the  majority  emptying  into  the  subareolar  plexus,  the 
remainder  passing  to  the  fascial  lymphatic  plexus.  The  subareolar  plexus  is 
"the  chief  collecting  depot"  of  the  intermammary  plexus.  It  receives  lymph 
from  the  areola,  the  nipple,  and  the  major  portion  of  the  gland.  From  the 
plexus  2  and  3  trunks  pass  upward  and  outward  to  the  central  glands  of  the 
axilla,  or  before  reaching  the  axillary  glands  they  may  enter  the  2  glands  lying 
on  the  third  digitation  of  the  serratus,  This  arrangement  is  considered  by  Leaf 
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to  be  the  most  usual.  The  surgical  significance  of  this  fact  is  that  these  glands 
may  become  involved  before  the  axillary  glands,  and  consequently  should  always 
be  felt  for. 

The  following  additional  lymph  channels  are  given  by  Leaf: 

"(a)  One  or  more  vessels  either  arise  se,,;ir;,t,-!y  in  the  mamma  or  dissociate 
themselves  from  the  principal  lymphatic  channel,  then  perforate  the  pectoral*  major 
and  run  either  into  the  acromiothoracic  or  infrai-lavii-ular  ^r«.up  ,,f  ^land*  (Fig.  2). 
Grossman  has  injected  this  trunk  three  times  in  thirty  different  MihjecO. 

"(b)  One  or  the  other  of  the  t\v.,  thoracic  »lan.U  uh,«-h  I,,  „„  the  aerratus  mag- 
nus  may  send  an  emissary  (Fig.  2)  in  front  of  or  U-hind  the  pw-torulirt  minor  or  per- 
haps  both,  and  thus  discharge  a  portion  of  its  lymph  din-etly  into  T  othoracic 

group,  while  the  rest,  traveling  along  the  principal  lymphatic-  channel,  -h,-ni- 

selves  into  the  central  group  of  glands. 

"(c)  The  lymphatics  from  the  inner  extremity  of  the  breast  follow  the  course  of 
the  perforating  branches  of  the  internal  mammary  artery;  that  is,  they  perforate  the 
pectoralis  major  and  internal  intercostal  muscles  and  join  the  intend  mammary 
trunk  which  ends  in  the  sternal  glands.  The  latter  are  usually  situate!  in  the  first, 
second  and  third  intercostal  spaces." 

Oelsner  found  several  channels  at  the  internal  border  of  the  mammary 
gland  which  pierced  the  pectoralis  major  and  entered  the  thorax  tlmm-ili  tin- 
fourth  intercostal  space.  Some  of  the  vessels  followed  the  intercostal  vessels  t«. 
the  spine.  It  is  through  these  latter  channels  that  cancer  may  advance  to  the 
spine. 

THE  LYMPHATIC  ANATOMY  OF  THE  PARIETES  AND  THE  STRUCTURES 
OVER  WHICH  THE  BREAST  LIES.— This  inehnles  the  lymphatic  fascial 
plexus,  the  lymphatics  of  the  pectorals,  the  serratus  magnus,  the  intercostal*, 
the  external  oblique,  and  the  rectus. 

The  intimate  relationship  and  the  surgical  importance  of  the  breast  and 
the  fascial  lymphatic  plexus  have  been  ably  brought  out  by  I  land  ley.  The  fol- 
lowing description  is  taken  from  his  work  (7)  : 

THE  FASCIAL  LYMPHATIC  PLEXUS  (Fig.  20). — "The  lymphatic  plexus  of  the  pec- 
toral fascia  is  often  spoken  of  as  if  it  were  an  anatomical  entity.  It  is  in  reality 
merely  a  conventional  subdivision  of  the  deep  fascial  lymphatie  plexus,  whose 
work  of  intercommunicating  channels  invests  the  entire  body.  This  great  plexus  is 
divisible  by  the  median  plane  of  the  body,  and  by  two  horizontal  planes  passing 
through  the  clavicles  and  through  the  umbilicus,  respectively,  into  six  catchment 
areas,  three  on  either  side,  draining  as  the  case  may  be  into  the  eerviral.  the  axillary, 
or  the  inguinal  glands.  Within  each  area  a  special  set  of  trunk  lymphatic  ai 
from  the  plexus  and  converges  on  the  corresponding  set  of  glands.  The  line,  or  nit  her 
zone,  separating  any  two  adjacent  ;ire;is,  may  be  called  the  lymphatie  water-parting, 
and  is  anatomically  a  zone  of  narrow,  tortuous  channels  nowhere  traversed  by  trunk 
lymphatics,  a  region  consequently  where  the  lymph  stream  is  at  its  feehlest  and  where 
even  very  fine  particles  are  liable  to  be  arrested.  The  general  idea.  then,  whieh  we 
have  obtained,  of  the  parietal  lymphatic  system,  is  that  of  a  vast  horizontal  network 
of  fine  channels,  coextensive  with  the  surface  of  the  body  and  receiving  above  num- 
berless fine  vertical  tributaries,  which  convey  to  it  the  lymph  from  the  skin  and  its 
appendages.  Among  the  latter  we  must  include  the  breast.  On  its  deep  aspect  the 
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plexus  receives  tributaries  from  the  subjacent  tissues.  From  this  great  plexus,  which 
lies  in  the  subcutaneous  fat  upon  the  deep  fascia,  the  lymph  is  conveyed  by  six  sets  of 
lymphatic  trunks,  each  draining  a  definite  area,  to  the  cervical,  the  axillary,  or  the 
inguinal  glands." 

THE  LYMPHATICS  OF  THE  SERRATUS  MAGNUS. — There  are  2  sets,  the  super- 
ficial and  the  deep.  The  lower  portion  of  the  superficial  lymphatics  follows  the 
branches  of  the  subscapular  artery,  entering  the  subscapular  and  the  central 
axillary  glands.  The  upper  branches  drain  into  the  infraclavicular  glands. 
The  deep  set  communicates  with  the  external  intercostal  glands. 

LYMPHATICS  OF  THE  EXTERNAL  INTERCOSTAL  MUSCLES. — The  lymphatics 
of  the  external  intercostal  muscles  pass  into  vessels  which  run  posteriorly  in 
each  space  and  drain  into  the  intercostal  glands. 

LYMPHATICS  OF  THE  INTERNAL  INTERCOSTAL  MUSCLES. — These  run  from 
before  backward  and  drain  into  the  internal  mammary  chain. 

THE  LYMPHATICS  OF  THE  PECTORAL  MUSCLES. — The  lymphatics  arising 
from  the  septa  which  run  over  the  muscle  drain  into  the  infraclavicular,  the 
acromiothoracic,  and  the  thoracic  groups  of  the  axillary  glands.  On  the  inner 
side  of  the  muscle  some  of  the  lymphatics  empty  into  the  internal  mammary 
glands.  The  lymphatics  of  the  minor  follow  the  same  course. 

THE  LYMPHATICS  OF  THE  EXTERNAL  OBLIQUE  AND  RECTUS  MUSCLES. — 
The  lymphatics  of  the  abdominal  wall  follow  the  arteries  which  supply  it.  The 
rectus  is  supplied  above  by  the  superior  epigastric,  below  by  the  deep  epigastric, 
laterally  by  the  lumbar  arteries.  In  the  region  of  the  umbilicus,  there  is  an 
intimate  connection  between  the  lymphatics  of  the  rectus  muscle  and  the  lymphat- 
ics of  the  triangular  ligament  of  the  liver  (Fig.  21).  When  cancer  invades  the 
lymphatics  of  the  rectus  and  advances  as  far  as  the  umbilicus,  it  may  spread  to  the 
liver  by  the  triangular  ligament,  downward  in  the  direction  of  the  deep  epigastrics 
to  the  external  iliac  glands,  or  backward  along  the  lumbar  arteries  to  the  aortic 
glands. 

The  upper  portion  of  the  external  oblique  is  supplied  by  brandies  of  the 
musculophrenic,  which  perforates  opposite  the  ninth  rib.  The  lymphatics  ac- 
companying it  enter  the  internal  mammary  group  (sternal  glands). 

AXILLAKY  GLANDS. — Wide  variations  in  number  and  position  of  the  axil- 
lary glands  (Figs.  2,  20,  34,  39)  occur.  The  various  groups  have  been  classified 
by  Leaf  as  follows : 

"(a)  Central :  Two  to  five  glands  usually  about  the  size  of  almonds,  embedded  in 
the  axillary  fascia. 

"(b)  Subcapsular:  Three  or  more  large  glands  lying  over  the  dorsalis  scapular 
artery  and  the  termination  of  the  subcapsular  vein. 

"(c)  Pectoral:  One  or  more  small  glands  lying  to  the  inner  side  of  the  axillary 
vein  behind  the  pectoralis  minor,  some  members  of  this  group  being  often  found  just 
above  the  upper  border  of  the  pectoralis  minor  at  the  origin  of  the  acromiothoracic 
vessels. 

"(d)    Infraclavicular:     A  few  small  glands  lying  on  the  serratus  magmis  above 
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the  pectoralis  minor  and  to  the  inner  side  of  tin-  axillary  v.-in  immediately  below  the 
clavicle. 

"The  less  constant  groups  consist  of : 

"(a)  Two  or  more  small  glands  situated  at  the  commencement  of  the  subcapcular 
vein,  as  it  lies  on  the  serratus  magnus. 

"(b)  A  few  glands  lying  on,  or  imm«-<iiat«'ly  und<-r  tin-  low.-r  margin  «»f  the  pec- 
toralis major,  in  front  of  the  second  or  third  serration  of  the  Berratun  magnua. 

"(c)  A  few  glands  are  occasionally  seen  between  the  pectoralia  major  and  minor 
muscles  over  the  course  of  the  pectoralis  branches  of  the  acromiothoracic  artery. 

"(d)  A  cephalic  gland  is  occasionally  found  in  the  groove  between  the  pectoralU 
major  and  the  deltoid.  It  may  be  immediately  below  the  clavicle  or  one  and  a  half 
inches  lower  down  to  the  outer  side  of  the  axillary  vein." 

EXTRA-AXILLARY  GLANDS.— Most  of  the  glands  are  situated  within  the 
axilla.  The  following  are  found  without:  One  of  the  subscapular  group  at 
times  projects  backward  and  lies  between  the  teres  minor  and  infratfpinatus 
(this  gland  is  liable  to  escape  notice  and  a  special  search  should  always  be  made 
for  it)  ;  some  of  the  infraclavicular  group  may  be  to  the  outer  side  of  the  axillary 
vessels ;  the  cephalic  gland,  when  present,  lies  over  the  cephalic  vein  external  to 
the  axillary  vein.  These  glands  have  to  be  removed  separately.  Beside  tin- 
larger  lymphatic  gland  visible  to  the  naked  eye,  there  are  innumerable  tiny 
nodules  of  lymphoid  tissue,  each  of  which  is  a  miniature  lymphatic  gland. 
Stiles  states  that  fat  lobules  may,  if  the  need  arise,  develop  into  lymphoid 
tissue. 

The  Axillary  Fascia. — It  will  be  readily  seen  that  an  operation  which  does 
not  remove  the  axillary  fascia  in  toto  (Figs.  29,  32,  33)  fails  to  remove  all  the 
lymphatic  tissue  from  this  region  ;  hence,  the  importance  of  a  knowledge  of  the 
fascia.  There  are  3  distinct  fasciae  lining  the  axilla : 

(1)  The  costocoracoid  or  suspensory  ligament  is  attached  to  the  clavicle 

a  double  root,  which  incloses  the  subclavius  muscle.  Lower  down  it  again  splits 
in  two,  to  surround  the  pectoralis  minor,  reunites,  and  blends  with  the  sub- 
cutaneous tissue  of  the  skin.  From  its  under  surface  it  gives  off  the  ligament  of 
Gerdy,  which  passes  to  the  sheath  of  the  axillary  vessels. 

(2)  The  deep  axillary  fasciae  covering  the  muscles  form  the  posterior  and 
external  walls  of  the  axilla ;  a  deep  internal  fascia  covers  the  serratus  magnus : 
and  a  deep  anterior  fascia  attached  above  to  the  clavicle,  and  covering  the  pos- 
terior surface  of  the  pectoralis  major,  forms  the  greater  portion  of  the  anterior 
wall  of  the  axilla. 

(3)  The  fascia  covering  the  lower  portion  of  the  axilla  extends  from  the 
fascia  over  the  serratus  magnus  to  the  fascia  of  the  arm.     It  presents  an  oval 
opening,  the  outer  edge  of  which  is  known  as  the  arm  arch  (Armbogen),  the 
inner  edge  as  the  axillary  arch  (Achselbogen). 
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THE  SURGICAL  TREATMENT  OF  THE  ANOMALIES  AND   DISEASES 

OF   THE   BREAST 

DEVELOPMENT    ANOMALIES 

Micromazia. — Micromazia  is  the  condition  in  which  the  infantile  type  of 
mamma  persists  after  puberty.  It  is  often  an  expression  of  defective  genital 
development,  and  at  times  is  associated  with  malformations  of  the  pectoral 
muscles  and  chest  wall.  The  condition  can  be  somewhat  improved  by  systematic 
exercises  and  massage.  If,  for  esthetic  reasons,  it  is  desirable  to  increase  the 
fullness  of  the  breast,  a  portion  of  fat  can  be  taken  from  abdomen  or  buttock 
and  transplanted  into  the  retromammary  space.  Gaillard  Thomas7  crescentic 
incision  (see  page  642)  is  used.  A  graft  of  suitable  dimension  is  inserted  be- 
tween the  posterior  surface  of  the  breast  and  the  anterior  surface  of  the  pec- 
tor  alis  major,  and  is  fixed  in  place  by  catgut  sutures.  The  wound  is  closed 
without  drainage  and  a  supporting  bandage  applied. 

Polymazia  (Supernumerary  Breast)  and  Polythelia  (Supernumerary  Nipples). 
—These  conditions  are  not  uncommon,  but  removal  is  only  indicated  for  esthetic 
reasons  or  where  the  supernumerary  organ  is  giving  rise  to  pain  or  discomfort. 
These  conditions  arise  during  lactation  and  are  encountered  most  frequently  in 
the  axillary  mamma,  rarely  in  the  inguinal  mamma.  If  mastitis  and  abscess 
occur,  they  should  be  treated  according  to  general  surgical  principles. 

ANOMALIES    OF    SECRETION 

Agalactia. — The  complete  absence  of  secretion  is,  as  a  rule,  bilateral.  The 
treatment  consists  in  endeavoring  to  induce  lacteal  secretion  by  cupping  the 
nipple  and  by  applying  a  vigorous  suckling  infant.  Williams  has  proposed  the 
application  of  electricity  and  massage  to  the  breast  and  ovary.  Tonics,  galacta- 
gogues,  etc.,  are  indicated.  The  therapeutic  value  of  specific  organotherapy  for 
this  anomaly  has  not  yet  been  determined. 

Galactorrhea. — The  flow  of  milk  may  be  excessive  during  lactation,  or  may 
be  unduly  prolonged  (galactorrhea).  As  a  rule,  the  condition  is  bilateral. 

If  the  secretion  persists  after  weaning  and  is  undermining  the  patient's 
health,  every  means  should  be  taken  to  check  it.  The  breast  is  treated  locally 
with  a  compression  bandage,  belladonna  plasters,  compound  iodin  ointment; 
and  internally  by  belladonna,  bromids,  KI,  extract  of  corpus  luteum,  and 
saline  purgatives.  If  palliative  means  fail  and  the  drain  on  the  system  becomes 
too  great,  resort  may  be  had  to  amputation.  As  an  alternative  Baumgartner 
has  suggested  resection  with  ligature  of  the  principal  arteries  and  lactiferous 
ducts. 

Heterochronic  Lactation. — This  comprises  all  lactation  occurring  outside  the 
normal  nursing  period.  For  the  consideration  of  that  occurring  in  the  new- 
born and  at  puberty,  see  Engorgement  (page  623).  In  the  male  it  may  accom- 
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gynecomastia;  in  the  female  it  is  not  IIIM-MIMM.MI,.  ami  is  often  tin*  result  of 
a  mechanical  irritation  of  the  nipple.     Vogl   reported  a  6M6  of  lactation  ,  , 
ring  after  a  severe  burn  of  the  cheat,  tin-  -i-m-tinn  having  evidently  l*>. 
up  by  the  intense  local  o.ui»vstion  raii.-ed  h\    tin-  hum.     The  .,iu-ti,,u  ,,f  the 
relationship  between   lactation  ;,M,1   ,},,.  function  of  t!.,  !elinit«-lv 

settled,  but  it  appears  that  the  corpus  luteum  of  the  ovary  x-rrete*  a  Hiibrttaiice 
which,  entering  the  general  circulation,  affects  the  function  ,,f  the  mammary 
gland.  Baumgartner,  on  aeeount  of  the  anta-Miii>in  hetwccn  the  L'emtal  fiinr- 
tion  and  lactation,  suggests  the  use  of  the  extract  ,,f  corpus  liitciiiu  for  tin- 
treatment  of  a  galactorrhea  and  heterochronic  lactation,  and  the  emplo\  nici.t  of 
the  ovarian  extract  in  the  cases  where  the  milk  seeretioi,  U  impaired  hy  a 
diminution  of  the  menses.  The  ovarian  extract  increases  the  ovarian  congestion 
and  thus  relieves  the  breast. 


THE    TRAUMATIC   AFFECTIONS    OF    THE    BREAST 

The  following  conditions  will  be  considered  under  this  head:  wounds. 
contusions,  and  burns. 

Wounds. — The  treatment  of  wounds  of  the  non-Iactating  breast  presents  no 
special  difficulties.  When  the  breast  is  wounded  during  the  period  of  lariat  inn 
and  the  lactiferous  ducts  are  involved,  a  milk  fistula  may  develop,  which  will 
spontaneously  disappear,  however,  if  lactation  be  stopped. 

Contusions. — These  lesions  are  frequent  and  often  accompanied  by  severe 
pain.  They  vary  from  a  simple  ecchymosis  to  the  formation  of  a  large  hema- 
toma.  Examples  of  mammary  abscess  following  tranmatism  are  not  uncom- 
mon; on  opening  such  an  abscess,  pus  mixed  with  broken-clown  blood-dots  will 
be  found.  A  certain  number  of  cases  of  chronic  mastitis  give  definite  histories 
of  repeated  trauma.  The  relationship  between  tumor  formation  and  trauma- 
tism  is  still  problematic.  The  treatment  consists  in  the  application  of  weak 
refrigerant  lotions  and  a  compression  bandage,  and  in  the  removal  of  all  sources 
of  chronic  irritation. 

Burns. — Burns  of  the  breast  often  accompany  burns  of  the  neck  and  thorax. 
Even  if  the  nipple  and  lactiferous  ducts  are  destroyed  by  cicatricial  contraction. 
the  breast  may  not  atrophy;  and  if  pregnancy  ensues,  the  possibility  of  inflam- 
mation, abscess  formation,  and  gangrene  is  to  be  considered. 

The  superficial  burns  in  this  region  are  best  treated  by  the  dry  hot-air 
method ;  the  deeper  burns  by  the  usual  surgical  methods. 

CONGESTIONS  AND  ENGORGEMENTS  OF  THE  BREAST 

Under  this  heading  will  be  considered:  mastitis  of  the  new-horn  (ma*titi* 
neonatorum),  mastitis  of  adolescence  (nnixtiti*  adofacentium),  and  milk  en- 
gorgement (lactation  mastitis). 

Mastitis  Neonatorum. — The  breasts  of  the  new-born  of  both  sexes  are  subject 
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to  hypertrophy.  The  epithelium  of  the  ducts  undergoing  an  active  prolifera- 
tion, the  gland  becomes  swollen  and  tender,  and  a  few  drops  of  milk  fluid  can 
be  expressed.  The  condition  is  of  little  importance,  and,  as  a  rule,  subsides  in  a 
few  days  unless  the  breast  is  irritated  or  infected.  The  treatment  consists  in  the 
application  of  soothing  lotions.  If  an  abscess  develops,  it  should  be  opened  and 
drained. 

Mastitis  Adolescentium. — This  condition  is  observed  both  in  boys  and  girls, 
and  is  an  expression  of  physiological  development.  The  treatment  consists  in 
the  application  of  support,  moderate  compression,  and  soothing  lotions. 

Lactation  Mastitis. — An  extreme  degree  of  physiological  engorgement  may 
take  place  during  early  lactation  due  to  the  blocking  or  the  retention  of  milk 
in  the  gland.  This  retention  may  be  caused  by  the  imperfect  formation  of 
the  nipples,  the  blocking  of  the  lactiferous  ducts,  or  the  failure  of  the  child  to 
suck.  If  possible,  remedy  the  causative  factor  and  relieve  the  milk  engorgement 
by  massage,  the  breast  pump,  and  extra  nursing.  If  these  means  fail,  lactation 
should  be  terminated  and  the  further  secretion  of  milk  arrested  by  the  applica- 
tion of  a  firm  compression  bandage,  and  the  administration  of  saline  purgatives, 
belladonna,  potassium  iodid,  etc.  The  milk  engorgements  derive  their  surgical 
importance  from  the  fact  that  they  are  one  of  the  chief  predisposing  causes  of 
pyogenic  mastitis. 

ACQUIRED  DEFORMITIES  OF  THE  BREAST 

Pendulous  Breast. — Flaccid  and  pendulous  breast  may  give  rise  to  neural- 
gia, dragging  pains,  chronic  congestion  (Velpeau's  hyperstatic  engorgement), 
chronic  inflammatory  changes,  and  submammary  eczema.  A  pendulous  hyper- 
trophied  breast  is,  for  cosmetic  and  functional  reasons,  a  drawback  in  the  the- 
atrical and  operatic  professions.  Kiittner  quotes  a  case  of  an  opera  singer  who, 
on  account  of  the  hypertrophy,  had  to  bandage  her  breasts  to  the  abdomen. 
This  limited  her  breath  so  that  her  voice  lost  in  tone  and  volume.  Palliative 
means  of  compression  bandages,  massage,  and  support  failing,  some  form  of 
mastopexy,  resection,  or  excision  with  a  plastic  reformation  of  the  gland,  must 
be  performed. 

MASTOPEXY  (GIEAED) — Gaillard  Thomas'  crescentic  skin  incision  is  made 
under  the  breast,  the  breast  loosened  from  the  pectoral  fascia  and  turned  upward  and 
backward  so  that  the  under  surface  of  the  breast  is  anterior.  A  blunt  separation  of 
the  pectoral  muscles  is  made,  and  the  cartilage  of  the  second  rib  laid  bare.  A  strong, 
slightly  curved '  needle  is  threaded  with  heavy  chromic  catgut  and  passed  from  above 
downward  in  the  form  of  a  mattress  suture,  through  the  cartilage  of  the  rib  and  the 
upper  pole  of  the  gland  sheath.  The  suture  is  tightened  and  the  breast  raised  to  the 
desired  level.  Four  loop  sutures  of  different  lengths  are  placed  in  the  posterior  sur- 
lace  of  the  gland  extending  through  its  entire  breadth  and  taking  a  point  of  support 
from  the  first  suture.  The  sutures,  when  drawn  tight,  act  as  puckering  strings, 
gathering  the  spread-out  gland  into  a  hemispherical  shape.  The  posterior  surface  of 
the  gland  is  then  sutured  to  the  pectoral  fascia  by  numerous  interrupted  sutures  and 
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the    wound    closed.      Strips   of    fns.-ia    1:,,;1    ,M>,,.,|    around    tin-   M-coiid    rib   and   lifted  AB 
slings  to  support  the  breast,  may  be  found  of 


LATERAL  MA8TOPEXY.—  Voivln  -re  (  1898)  devin-d  an  .^-ration  called  lat- 
eral mastopexy.  Hen-moved  a  triangular-shaped  portion  of  ..kin  and  rabeai 
ous  tissue  from  the  region  between  the  axilla  and  the  outer  border  of  tin-  jxxto- 
rnlis  major  and  the  breast,  the  base  of  the  triangle  bcinir  vertical  and  the  apex 
toward  the  breast.  He  sutured  the  wound  in  a  Y->haped  manner,  forcing  tin- 
breast  upward  and  outward.  This  method  does  not  rhc  bn-ast  to  it< 

normal  position,  and  is,  therefore,  inferior  to  Cirard's  ..pi-rat  ion. 

EXCISION    OF    THE   MAMMARY    TISSUE    WITH    Till  1ATION    OP   A 

MAMMA  BY  SKIN  AND  FAT.—  This  operation  WU  performed  b\    Kiiitner 
young  opera  singer   before   mentioned.      It  was   important,  on   aeeoimt   of  the 
interference  witli  her  voice,  to  remove  the  hypertrophied  brea-  m  a  cos- 

inetic  standpoint  it  was  almost  as  important  that  no  scar  be  >een  and  that  the 
substitute  breasts  be  so  constructed  as  to  allow  the  wearing  of  a  low-neck  drew. 
In  performing  this  operation,  Thomas'  crescent  ic  incision  was  made,  the  mam- 
mary gland  removed,  and  the  defect  filled  with  fat.  I  f  a  sufficient  fat  tissue  can- 
not be  secured  in  the  mammary  region,  a  transplant  is  taken  from  the  abdomen 
or  buttock.  The  shape,  tone,  and  fullness  of  the  newly  constructed  mamma  can 
be  greatly  improved  by  systematic  massage,  and  within  •'{  to  i»  months  MI: 
ingly  natural-looking  breasts  can  be  obtained. 

RESECTION.  —  Pousson  and  Michel  excised  a  lame  portion  of  the  skin  ami 
glandular  tissue  from  the  upper  circumference  of  the  breast  and  fixed  the  re- 
maining portion  to  the  pectoral  fascia.  Dehner  fixed  the  breast  to  the  perios- 
teum of  the  third  rib.  The  disadvantage  of  this  operation  lies  in  the  prominence 
of  the  scar,  which  sometimes  takes  on  a  keloid  character. 

Atrophy  of  the  Breast.  —  The  volume  of  the  breast  is  not  an  indication  of 
the  development  of  the  gland,  certain  women  with  large  b  reacts  l>einir  unable  to 
nurse,  while  of  others  with  small  breasts  the  reverse  is  true.  Atrophy  i*  normal 
after  the  menopause,  and  abnormal  when  it  appears  after  the  first  child.  It 
may  be  due  to  local  causes,  such  as  mastitis  or  the  c«Miipre>-i..n  ..f  a  corset 
Atrophy  has  been  encountered  after  mumps,  with  chlorosis,  syphilis,  and  tu- 
berculosis, and  is  present  in  cretins,  degenerates,  and  in  infantilism. 

Treatment  consists  in  remedying  the  constitutional  fault,  if  possible,  and 
employing  means  to  excite  lactation  (see  Anomalies  of  Secretion). 

Diffuse  Hypertrophy  of  the  Breast.  —  The  treatment  varies  with  the  type: 
(1)  diffuse  hypertrophy  not  associated  with  preimancy  :  i  -2  )  diffuse  hyper- 
trophy associated  with  pregnancy. 

(1)  DIFFUSE  HYPERTROPHY  NOT  ASSOCIATED  WITH  PREGNANCY.  —  The 
following  conditions  are  considered  under  this  heading:  the  so-called  hyper- 
trophy of  puberty  or  virginal  hypertrophy:  hypertrophy  occurring  in  intermit- 
tent fever;  hypertrophy  of  the  breast  in  elephantiasis. 

Hypertrophy  of  the  breast  associated  with  intermittent  fever  yields  to  ap- 
41  B 
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propriate  quinin  therapy.  Enlargement  of  breasts  in  elephantiasis  may  call 
for  amputation. 

DIFFUSE  \TIRGINAL  HYPERTROPHY. — Diffuse  virginal  hypertrophy  is  of  a 
progressive  nature,  the  growth  being  either  rapid  or  slow,  and  with  little  or  no 
tendency  to  spontaneous  cure.  In  the  27  cases  reported  by  Delbet,  only  one  re- 
turned to  the  normal. 

Palliative  Treatment. — The  palliative  treatment  is  employed  in  the  milder 
and  earlier  cases.  It  consists  in  the  application  of  compound  iodin  ointment, 
compression  bandages,  the  recumbent  position,  a  dry,  spare  diet,  and  the  in- 
ternal administration  of  KL  If  acute  and  associated  with  the  suppression  of 
che  menses,  this  condition  is  to  be  actively  treated.  The  failure  of  palliative 
means  is  not  surprising  when  we  consider  the  progressive  nature  of  the  disease 
and  the  close  relationship  it  bears  to  a  diffuse  fibroma. 

The  operative  measures  consist  of  (1)  resection,  with  or  without  mastopexy ; 
(2)  amputation. 

Resection. — Successful  resections  have  been  performed  by  Morestin,  Ver- 
chere,  Pousson,  and  Dehner.  Morestin  exposed  the  posterior  surface  of  the 
breast  by  means  of  Thomas'  semicircular  incision  and  resected  a  disk-shaped 
segment  from  the  under  surface  of  the  breast.  The  hemorrhage  was  controlled 
by  compression  and  the  wound  closed  with  fine  sutures.  A  cure  was  obtained 
in  the  left  breast,  but  the  condition  continued  in  the  right.  The  operation 
was  repeated,  and  the  second  time  resulted  in  a  cure.  In  a  subsequent  case, 
Morestin,  after  the  resection,  fixed  the  cut  surface  of  the  breast  to  the  apo- 
neurosis  of  the  pectoralis  major.  Dehner  removed  from  the  upper  segment  of 
the  breast  a  large  elliptical  portion  of  skin,  subcutaneous  and  hypertrophied 
mammary  tissue.  The  fibers  of  the  pectoralis  major  were  separated  by  blunt 
dissection;  the  periosteum  of  the  third  rib  exposed,  and  the  breast  sutured  to 
it.  The  inflamed  condition  of  the  skin  beneath  the  breast  prevented  the  use  of 
a  submammary  incision. 

Amputation. — Amputation  is  indicated  if  all  palliative  means  have  failed ; 
if  the  progressive  growth  is  causing  distressing  symptoms;  or  if  the  breast  is 
edematous  and  engorged  with  blood.  As  a  preliminary  precautionary  measure, 
to  minimize  the  loss  of  blood,  the  patient  is  put  to  bed,  the  parts  supported,  and 
a  compression  bandage  applied.  One  breast  is  removed  at  a  time,  thus  diminish- 
ing the  shock  and  lessening  the  hemorrhage.  A  moderate  interval  of  time  is 
allowed  to  intervene  before  the  second  breast  is  removed,  as  a  spontaneous 
diminution  of  the  second  breast,  after  the  removal  of  the  first,  has  been  reported. 
The  larger  breast  is  removed  first.  Ample  skin  flaps  are  turned  down,  and  if 
the  tumor  is  very  vascular,  the  hemorrhage  is  controlled  by  passing  2  strong  pins 
through  the  growth  (Porter)  and  winding  rubber  tubing  beneath  them.  The 
growth  is  then  cut  away,  the  constrictor  loosened,  and  the  bleeding  points 
are  secured.  If  advantage  is  taken  of  the  anatomical  fact  that  the  principal 
blood  supply  of  the  breast,  both  arterial  and  venous,  is  superficial,  and  the 
dissection  is  carried  out  between  the  posterior  surface  of  the  gland  and  the 
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pectoral  fascia,  the  loss  of  blood  will  !><•  -r.Mtlv  diniini.-hed  and  the  use  of  pins 
and  constrictors  will  !.<•  nnm 

(2)  DIFFUSK  IIvi-i  IM  I:MI'IIY  A  — .<  i  \  1 1  i)  WITH  I'KK*.  I  !«•!•<•  the  ex- 

pectant plan  of  treatment  should  he  employed,  as  tin*  rninplctimi  of  pregnancy 
produces  an  amelioration  of  the  condition.  In  the  acute  cases  means  to  induce 
lacteal  secretion,  as  cupping  of  the  breasts  or  daily  application  of  a  suckling 
child,  should  be  employed.  I'l-gent  symptoms  call  for  the  termination  of  the 
pregnancy  or  the  amputation  of  the  breasts. 

Prognosis. — The  virginal  hypertrophy  has  less  tendency  to  spontaneous  ar- 
rest. In  hypertrophy  of  pregnancy  50  per  cent,  of  the  cases  regress  after  de- 
livery, and  of  the  remaining  50  per  cent,  only  20  per  cent.  require  amputation. 
According  to  Porter,  in  untreated  cases,  1  in  1U  dies.  Certain  rninpliratinns 
may  arise  which  make  the  prognosis  much  more  irnve.  These  breasts  are  more 
liable  to  infections,  abscess  formation,  and  gangrene,  and  abortions  are  common. 
Cachexia  has  occurred  from  the  enormous  size  of  the  tumor.  Curvature  of  the 
spine  and  chest  deformities  have  been  reported.  If  the  operation  is  carefully 
carried  out,  the  mortality  is  negligible  and  the  cure  certain. 

Gynecomazia  or  Gynecomastia. — The  term  gynecomazia  or  gynecomastia  is 
applied  to  hypertrophy  of  the  breast  occurring  in  the  male.  Cases  of  a  real 
glandular  hypertrophy  in  contradistinction  to  a  heaping  up  of  fat  and  fibrous 
tissue  are  rare.  The  condition  may  be  unilateral  or  bilateral.  The  gyneco- 
mastia may  be  essential,  as  observed  in  patients  otherwise  normal ;  or  it  may 
be  associated  with  a  congenital  or  acquired  testicular  atrophy.  The  latter  con- 
dition may  be  the  sequel  of  an  orchitis  due  to  trauma,  mumps,  syphili 
tuberculosis.  No  treatment  is  necessary,  unless  it  gives  rise  to  deformity  or 
becomes  troublesome.  In  the  mild  case  a  compression  bandage  with  the  internal 
administration  of  KI  is  indicated;  in  the  acquired  forms  organotherapy  has 
been  suggested;  in  the  syphilitic  the  treatment  is  that  of  syphilis. 

VASCULAR    AND    NERVOUS    AFFECTIONS    OF    THE    BREAST 

Under  this  heading  the  following  will  be  considered:  spontaneous  ecohy- 
mosis,  bloody  discharges  from  the  nipple,  and  mastodynia. 

Spontaneous  Ecchymosis. — Spontaneous  ecchymosis   is  found   in  hysr. 
women,  in  hemophiliacs,  and  accompanying  certain  disorders  of  menstruation. 
The  treatment  of  the  so-called  spontaneous  ecchymosis  consists  in  the  ren 
of  the  causative  factor  and  in  the  application  of  light  compression  and  soothing 
lotions  to  the  breast  in  the  acute  stage,  and  later  of  gentle  massage,  heat,  etc.,  to 
promote  absorption. 

Bloody  Discharge  from  the  Nipples. — As  a  bloody  discharge  from  the  nipple 
is  the  classical  sign  of  papillary  cystadenoma,  it  is  incumbent  on  the  surgeon  to 
prove  that  the  so-called  spontaneous  bleedings  attributed  to  vicarious  menstrua 
tion,  etc.,  are  not  manifestations  of  a  new  growth.     The  proof  will  require  an 
exploratory  operation. 
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Mastodynia  (Neuralgia  of  the  Breast). — Irritable  breast  is  most  common  in 
neurotic  young  women  who  have,  associated  with  it,  disturbances  of  the  repro- 
ductive system.  This  requires  treatment  of  the  neurasthenia  and  of  the  genital 
conditions.  A  bandage  is  applied  with  the  object  of  supporting  the  breast  and 
keeping  the  patient  from  handling  it.  Local  analgesics,  belladonna  plasters,  hot- 
air  douches,  galvanism,  and  the  application  of  the  tincture  of  iodin  are  used. 
In  the  severe,  persistent  cases  alcohol  injections  of  the  nerves  have  been  sug- 
gested. Baumgarten  suggests  the  evulsion  of  the  involved  intracostal  nerves, 
as  they  escape  from  their  canals.  Finney  reports  a  case  in  which  it  was  neces- 
sary to  amputate  the  breast  in  order  to  relieve  the  intense  pain. 

AFFECTIONS    OF    THE    NIPPLE 

Affections  of  the  nipple  are  a  fertile  source  of  much  misery  in  suckling  and 
the  cause  of  most  mammary  infections.  The  treatment  of  the  following  condi- 
tions will  be  considered :  (1)  deformities,  (2)  inflammations,  and  (3)  tumors. 

1.  Deformities. — One  or  both  nipples  may  be  small,  umbilicated,  or  in- 
vaginated.  The  condition  is  congenital  or  the  result  of  a  cicatricial  contraction 
following  a  previous  inflammation.  Under  these  conditions  suckling  becomes 
impossible  or  is  difficult  and  unsatisfying.  The  redoubled  efforts  of  the  child 
may  produce  an  irritation  rendering  the  formation  of  cracks  and  fissures  pos- 
sible, and  thus  predisposing  the  breast  to  infection. 

SMALL  OK  ATROPHIC  NIPPLES. — A  preparatory  course  of  treatment,  with 
the  object  of  developing  the  nipple,  should  be  begun  as  soon  as  the  condition  is 
recognized.  Gentle  traction,  systematic  massage,  and  cold  applications  to 
stimulate  the  contraction  of  the  areolar  muscular  fibers  are  employed.  Be- 
tween the  treatments  the  nipple  is  surrounded  with  a  thick  ring  of  plaster,  and 
a  firm  compression  bandage  applied.  This  gradually  renders  the  nipple  more 
and  more  prominent.  In  certain  villages  in  France  it  is  the  custom  to  prepare 
the  breasts  by  offering  the  nipples  to  the  suckling  of  a  vigorous  infant. 

UMBILICATION. — In  this  condition  the  nipple  is  well  formed,  but  impris- 
oned in  a  depression  produced  by  an  overhanging  ridge  of  skin.  Nursing  is 
impossible  without  surgical  intervention.  Kehrer  has  devised  an  operation 
called  mammilliplasty,  to  remedy  this  deformity.  Good  results  have  been  re- 
ported by  Herman,  Rapin,  and  others. 

MAMMILLIPLASTY  (Fig.  3). — Two  crescentic-shaped  portions  of  skin  are  re- 
moved from  the  overhanging  skin  edges,  the  deep  adherences  of  the  lactiferous 
ducts  are  carefully  freed,  and  the  edges  of  the  wound  sutured.  Where  the  de- 
formity is  marked,  a  complete  ring  of  skin  is  removed  from  the  overhanging 
edge,  and  the  inner  circular  edge  of  skin  is  united  to  the  outer  edge  by  inter- 
rupted silk  sutures.  The  resulting  traction  levels  the  projection  edge  and  forces 
the  nipple  to  rise.  The  after-treatment  consists  in  measures  to  develop  the  re- 
stored nipple  (see  Treatment  of  the  Small  Nipple). 

INVAGINATION, — This  is  the  most  advanced  and  the  rarest  of  the  deformi- 
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ties  of  the  nipple.     (  onirenital  ..r  ac.piired  imagination  i>  i,..t  i,,  !„• 
with  the  retraction  caused  by  malignancy.     Tin-  treatment  i-  aimed  at  kcv 
the  depression  dry  and  clean,  and  avoiding  e<v.en,a.  nln-nitim,,  and   mastitis. 
2.     Inflammations  of  the  Nipples.  -    Kxcoriat  i,,,.-.   enc  .    tiomra  are 

the   commonest    lesiona   Of   the   nipple.       Thev    occur  .luring   lartali-  .    a«  a 

rule,  are  the  result  of  a  lack  of  cleanliness.     Thev  derive  their  import. 
the  fact  that  they  are  of  ten  the  start  in-  point  of  an  acme  martitU     '!'».. 
delicate  nature  of  the  areolar  akin,  the  constant  moisture,  and  the  rented  irri 
tation  keep  the  fissures  from  healing.    The  pain  may  1,,  ,  ,,ati,.,,t 

cannot  nurse,  with  the  result  thai,  the  breast   beoon*  r-ed,   whirl, 


FIG.  3. — PLASTIC  OPERATION  FOR  UMBILICATED  NIPPLE.     A — The  crescent  i<- 

the  portions  of  skin  removed.      B  shows  the  inner  and  outer  edges  of  the  crescents  sutured. 

further  favors  the  spread  of  the  infection.  Prophylactic  measures  should  be 
instituted  during  the  latter  months  of  pregnancy.  Pressure  or  friction  of  the 
nipple  must  be  avoided,  and,  if  retracted,  it  should  he  gradually  withdrawn. 
t)uring  lactation  the  nipple  should  be  washed  with  warm  boracic  solution, 
dried,  and  dusted  with  boracic  powder  or  anointed  with  liquid  albolin.  Strict 
surgical  cleanliness  should  be  observed  by  the  nurse  and  her  hands  ster- 
ilized before  touching  the  nipples.  The  infant's  mouth  should  bo  kept  in 
good  condition.  If  the  fissures  are  painful,  a  shield  should  be  worn.  This 
failing,  nursing  should  be  discontinued.  Deep  fissures  and  cracks  should  be 
touched  with  a  silver  nitrate  stick.  In  very  sensitive  cases  it  will  bo  found 
necessary  to  precede  the  application  of  silver  nitrate  with  c.-.-aiu.  If  thore 
is  a  tendency  to  form  crusts,  these  are  to  bo  gently  removed  after  softenini: 
them  in  a  solution  of  oqual  parts  of  00  per  cent,  alcohol  and  ulycorin. 

ECZEMA  OF  THE  NIPPLE.-  ! Yxenia  may  occur  independently  of  preg- 
nancy and  lactation.  The  treatment  does  not  differ  from  that  of  eczema  any- 
where else  in  the  body.  The  chronic  form  may  simulate  1  se, 

SYPHILIS  OF  THE  NIPPLE. — Chancre  in  this  reLiimi  is  apt  to  l>r  atypical, 
and  may  vary  from  a  shallow  fissure  to  a  large  indurated  ulcer.  The  treatment 
is  that  of  syphilis. 
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3.  Tumors  of  the  Nipple  and  Areola. — Sebaceous  cysts,  arising  in  the 
glands  of  Montgomery,  are  the  most  frequent  tumors.  Others  are  papillomata, 
angiomata,  etc.  The  treatment  is  excision. 

PAGET'S  DISEASE  OF  THE  NIPPLE  AND  AREOLA. — Treatment  is  car- 
ried out  along  the  lines  of  carcinoma  of  the  breast. 


INFLAMMATION    OF    THE    BEEAST 

The  inflammatory  diseases  of  the  breast  are  divided  into  2  classes,  the  acute 
and  chronic.  The  cause  of  both  is  infection,  but  the  differences  in  symptoms, 
prognosis,  and  treatment  required  necessitate  a  detailed  study. 

ACUTE  INFLAMMATION 

In  the  treatment  of  acute  mastitis  the  following  conditions  will  be  consid- 
ered: (1)  mastitis  of  general  infection,  (2)  mastitis  of  local  infection,  (3) 
lymphangitis,  (4)  galactophoritis,  (5)  abscess,  (6)  gangrenous  cellulitis  (dif- 
fuse phlegmon),  and  (7)  ligneous  phlegmon. 

1.  Mastitis  of  General  Infection. — Acute   and  subacute  inflammations  of 
the  breast  may  take  place  during  mumps.     The  condition  usually  resolves  with- 
out suppuration.      Occasionally   atrophy   ensues.      The  treatment  is  that   of 
mumps  plus  the  application  of  support  and  soothing  lotions  to  the  breast. 
Mastitis  has  occurred  after  typhoid,  and  as  a  metastatic  condition  it  sometimes 
complicates  septic  abortions,  puerperal  infections,  and  other  pyemic  conditions. 
The  treatment  is  that  of  any  pyemic  abscess. 

2.  Mastitis  of  Local  Infection. — Mastitis  occurring  during  nursing  is  by 
far  the  commonest  form.     Attention  cannot  be  too  forcibly  focused  on  the  almost 
constant  predisposing  cause — cracks  and  fissures  of  the  nipple.     The  apprecia- 
tion of  this  fact  is  the  foundation  upon  which  the  prophylactic  and  abortive 
treatments  are  based. 

PROPHYLACTIC  TREATMENT. — Imperfectly  formed  or  unhealthy  nipples 
are  the  most  fertile  source  of  cracks  and  fissures.  The  prophylactic  treatment 
must  begin  with  young  girls.  It  is  the  duty  of  the  family  physician  to  see  that 
the  mothers  instruct  their  daughters  in  the  care,  development,  and  protection  of 
the  nipples.  For  the  prophylactic  care  of  the  nipples  during  pregnancy  and 
lactation,  see  Diseases  of  the  Nipple  (page  629).  Another  safeguard  of  scarcely 
less  prophylactic  value  is  the  prevention  of  milk  engorgements  (see  page  623). 

ABORTIVE  TREATMENT.- — The  close  relationship  of  the  inflammatory  le- 
sions of  the  breasts  to  the  lymphatics  is  readily  understood  when  we  consider 
that  the  sore  nipples  and  cracks  of  lactation  occur  at  the  very  moment  when 
the  lymphatic  circulation  of  the  gland  is  at  its  height.  Pyogenic  organisms, 
gaining  an  entrance  through  a  crack  or  advancing  down  a  duct,  reach  a  suc- 
culent soil.  The  abortive  plan  consists  in  the  active  treatment  of  all  cracks 
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and  fissures  of  the  nipple,  engorgements  of  tin-  breast,  lymphangitis,  and  galac 
tophoritis.     For  the  treatment  of  the  cracks  and   fissure.-.  ><-,.  p:iiM.  , 
engorgements,  see  Lactation  Mastitis  (page  <>:M  i. 

3.  Lymphangitis.— Lymphanniti,  ii  trotted  by  tin-  application  of  wet  dreas- 
ings  of  liquor  alumini  acetatis,  Thiersch's  solution.  ,.?,...  :m<l  |,v  the  ,.|,»p|,,y- 
iiK-iit   of  a  supporting  bandage.      Cold,    in    the    t'..nn   of  ,1    |,v 
many  surgeons,  while  others  have  seen  benefit  result  t'n.m  the  use  of  lingnen- 
tum  Credo. 

4.  Galactophoritis. — Galactophoritis   is   a   purulent    inflammation    of  the 
ducts  and  is  charaterized  by  the  escape  of  pus  into  the  milk  when  pressure  i- 
applied  to  the  breast.     This  insidious  affection  is  the  cause  nf  many  fatalities 
among  infants.     Atrophy,  marasmus,  purpura  hemorrhagica,  or  signs  of  in- 
testinal infection  in  the  child  should  demand  an  immediate'  microscopical  exam- 
ination of  the  milk.     If  pus  is  found,  the  child  should  be  instantly  withdrawn 
from  the  breast  and  active  means  taken  to  provide  duet  drainage.    (Jentle  mas- 
sage with  expression  of  the  milk,  the  use  of  the  breast  pump,  and  Bier's  suction 
cups  are  indicated.     Between  treatments  the  breast  should  l>e  supported,  and 
wet  dressings  of  aluminum  acetate  applied.     In  addition  t<>  the  l<x«al  means, 
general  treatment  is  instituted  with  the  object  of  drying  up  the  breasts  and  com- 
bating the  infection. 

5.  Abscess  of  the  Breast. — The  care  of  any   variety   nf  acute   mammary 
abscess  in  a  nursing  woman  calls  for  both  local  and  general  treatment     The 
child  should  be  taken  from  the  affected  breast  and  precautions  instituted  to  pre- 
vent engorgements  in  the  opposite  one.    If  the  child  is  to  be  weaned,  and  this  is 
usually  desirable,  treatment  aimed  at  the  drying  up  of  the  milk  is  begun.     The 
large  absorbent  surface  presented  by  the  breast  and   the  anemic  state  of  the 
patient  make  it  imperative  that  the  elimination  of  the  toxins  be  secured  by  a 
free  catharsis  and  diuresis;  that  the  strength  of  the  patient  be  supported  by 
a  wholesome  diet;  and  that  her  resistance  be  increased  by  fresh  air,  sunlight, 
and  the  exhibition  of  iron. 

The  treatment  of  the  following  types  of  abscess  is  considered:  (a)  supra- 
mammary,  (b)  inframammary,  and  (c)  retromammary. 

(A)  SUPRAMAMMAEY  ABSCESS. — Supramammary  abscess  i  de- 

velops in  the  cellulofatty  subcutaneous  tissue  between  the  breast  and  the  skin. 
The  termination  is  by  sloughing  and  ulceration  of  the  integument  Although 
the  breast  tissue  is  involved  but  little,  the  skin  destruction  mav  he  extensive, 
Supramammary  abscesses  are  generally  of  lymphatic  origin,  as  is  evidenced  by 
the  early  and  constant  existence  of  an  axillary  adenitis.  This  latter  point  is  an 
aid  in  the  differential  diagnosis  between  the  supra-  and  the  inframammary 
abscess.  Superficial  suppurations  in  the  form  of  common  boils  take  place  in 
the  skin.  These  boils  are  commonly  the  direct  result  of  an  infection  of  the 
small  sebaceous  glands  of  the  areola.  The  treatment  consists  of  incision, 
evacuation  of  the  contents,  drainage,  and  the  application  of  wet  antiseptic 
dressings.  The  surgeon  must  assure  himself  at  the  time  of  operation  that  he  is 
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common  form  of  abscess. 


RE-mOMAMMARY  SPACE 


SUBCUTANEOUS  TISSUE 


SUPRAMAMMARY 
ABSCESS 


RETROMAMMARY 
ABSCESS 


dealing  with  a  superficial  abscess  and  not  with  a  superficial  pocket  of  an  in- 
framammary  hour-glass  abscess. 

(B)  INFEAMAMMAEY    ABSCESS. — Inframammary  abscess  (Fig.  4)  is  the 

The  pus  forms  in  the  substance  of  the  gland  and, 
burrowing  in  various  direc- 
tions, soon  forms  a  multilocu- 
lar  cavity.  The  multilocular 
character  of  these  abscesses  is 
accentuated  by  the  fact  that 
they  are  prone  to  be  restricted 
where  the  pus  has  burrowed 
through  the  fascia  or  intra- 
mammary  septa.  Abscesses 
can  thus  assume  a  shape  which 
can  be  compared  to  an  hour- 
glass (Fig.  4).  The  communi- 
cation between  the  deep  and 
the  superficial  parts  is  repre- 
sented by  a  narrow  channel. 
The  term  collar-button  abscess 
has  also  been  applied  (Vel- 
peau's  "absces  en  bouton  do 
chemise").  The  surgical  sig- 
nificance of  the  collar-button 
type  lies  in  the  fact  that  a  su- 
perficial anterior  incision  may 
be  entirely  inadequate  to  cure 
the  condition. 

(C)  RETROMAMMABY     ABSCESS. — The  2   most   common   causes  of  acute 
primary  retromammary  abscess  (Fig.  4)  are  the  extension  of  an  inframammary 
infection  into  the  retromammary  space  and  the  breaking  down  of  hematomas 
following  contusions  of  the  breast.     Secondary  retromammary  abscesses  arise 
as  extensions  from  neighboring  structures,  necrosis   of  the  ribs,   perforating 
empyema,  perforating  abscesses  of  the  lung,  intestinal  fistulse,  etc.     They  may 
also  occur  as  a  local  manifestation  in  the  course  of  a  pyemia.     These  secondary 
abscesses  are  liable  to  become  chronic.     Clinically  the  retromammary  absce-s 
pushes  the  whole  breast  bodily  forward.     The  base  of  the  breast  shows  an  area 
of  edema ;  fluctuation  can  be  detected  at  the  periphery ;  and  the  pus,  if  left  to 
itself,  points  at  the  lower  and  outer  part  of  the  breast  or  burrows  into  the  axilla. 
Untreated,  the  prognosis  is  grave,  owing  to  the  possibility  of  a  rapid  extension 
in  cellular  tissue.    If  the  natural  drainage  is  insufficient,  the  abscess  is  liable  to 
become  chronic  and  leave  numerous  tortuous  fistulse ;  while  an  early,  free  in- 
cision in  the  thoracomammary  fold  offers  a  speedy  prospect  of  cure.     The  prog- 
nosis and  treatment  in  the  secondary  variety  vary  with  the  causative  factor. 


INFRAMAMMARY 
ABSCES 
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COMMUNICATION    BET. 
ABSCESS 

FIG.  4. — TYPES  OF  MAMMARY  ABSCESS  FORMATION. 
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TBBATMIWT.—  When  inn-m^  the  hreast  the  following  points 
are  to  be  kept  in  mind  :  The  milk  dnet>  mii-t  nut  be  ent  across;  and,  conditions 
admitting,  the  incision  should  he  as  i'ar  from  the  front  of  the  gland  as  can  be 
managed,  if  possihle,  in  the  thnracomaiiimaij  furrow. 

The  following  types  of  operation  are  empluved  m  the  treatment  of  acute 
abscess  : 

1.  Small  anterior  radiating  incision   with  drainage,   in   the  t  horacomam- 
mary  furrow. 

2.  Multiple  small  radiating  ineisions  and  the  application  of  Bier's  hypere- 
rnic  treatment. 

3.  Large  anterior  radiating  incisions. 

4.  Areolar  skin  incision  (Morestini. 

(1)  A  Small  Anterior  Radiating  Incision  with  Drainage  in  the  Thoraco- 
mammary  Furrow  (Shield's  Operation)  (  Fi^.  5  .  I  prefer  this  method  for  the 
ordinary  inframammary  abscess.  The  following  is  a  description  of  the  opera- 
tion as  practiced  by  Shields  : 


"So  soon  as  elasticity  and  deep  fluctuation  are  evident,  an  incision  is  made  radi- 
ating from  the  nipple  just  large  enough  to  admit  tin-  index  finger  of  the  operator,  and 
this  is  deepened  until  pus  flows.  The  finger  is  now  passed  into  the  cavity  and  in  the 
vast  majority  of  cases  it  will  be  found  that  the  end 
of  the  digit  may  be  brought  fairly  near  the  surface 
in  a  dependent  position,  and  this  is  generally  at  tin- 
thoracomammary  junction.  In  this  situation  it 
may  especially  be  noted  that  scars  are  afterward 
hidden  from  view.  Sometimes  the  finger  passes  to- 
ward the  axillary  margin,  and  occasionally  the  cav- 
ity is  so  large  that  a  stout  bent  probe  must  be  used 
to  indicate  the  most  dependent  part  of  the  abscess. 
In  this  situation  the  gland  being  well  raised  by  an 
assistant,  a  free  opening  is  to  be  made  large  enough 
to  well  evacuate  the  pus,  and  the  finger  being  now 
introduced  through  this,  the  inferior  opening,  the 
operator  will  be  surprised  to  find  that  the  pus  has 
burrowed  about  and  is  contained  in  lonili  bounded 
by  fibrous  septa.  All  such  septa  and  loculi  must 
be  broken  by  the  finger  and  the  numerous  irregular 
spaces  thus  converted  into  one  cavity.  It  is  espe- 
cially noteworthy  that  in  many  instances  quite  a 
narrow  channel  toward  the  nipple  connects  the 

main   cavity  of  the  deep   abscess   with   the  more  FIQ    5_A   SMAU    ANTEHJOR 
superficial    collection    of    pus    opened    anteriorly 
('shirt-stud'   abscess),   and   it  will   then    he  dearly 
understood  how  inefficient  is  drainage  in  the  prac- 
tice of  those  who  are  content  with  a  small  super- 
ficial incision  in  these  cases.    The  remainder  of  the  treatment  is  obvious: 
is  well  flushed  out  with  whatever  antiseptic  agent  the  operator  fancies,  and  a  full-sized 
tube  is  introduced  from  below.     The  opening  made  near  the  nipple  is  closed  with  fine 
horsehair  and  painted  with  collodion.    It  readily  unites  with  only  a  faint  scar,  and  the 


i\..  IMISION  WITH  PKAIXAUE  IK 
THORACOMAMMARY  FOLD.  (Shield's 
Operation.) 
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free  drainage  prevents  the  possibility  of  the  re-collection  of  pus  and  a  necessity  for 
further  operation.  The  tube,  a  very  large  one,  can  be  left  in  the  cavity  as  long  as 
needful,  and  is  slowly  shortened  and  withdrawn." 


FIG.  6. — BIER'S  SUCTION  CUP  APPLIED  TO  THE  BREAST. 

(2)  Multiple  Small  Radiating  Incisions  plus  Biers  Hyperemic  Treatment 
(Figs.  6,  7). — Small  punctures  are  made  over  the  infiltrated  area;  a  large  suc- 
tion cup  slightly  smaller  than 
the  breast  is  applied.  Suc- 
tion is  maintained  for  5  min- 
utes, followed  by  a  period  of 
rest  for  3  minutes.  The  total 
period  of  treatment  is  45 
minutes  daily.  A  moist, 
antiseptic  dressing  and  a  sup- 
porting bandage  are  applied 
and  remain  in  position  until 
the  next  treatment.  Under 
suction  properly  applied,  the 
breast  turns  a  dark  red,  re- 
mains warm,  and  the  whole 
breast  enters  the  cup.  Dur- 
ing the  earlier  stages  30  to 

FIG.  7.— BIER'S  MAMMARY  SUCTION  CUP.     The  glass  trap  is      QQ    c.    c.    of   pus    mixed    with 
to  catch  the  fluids  so   that  they  will  not  be  drawn   into        ..  ,          .,, 

the  pump.  blood    and   serum   and   milk 

can  be  evacuated;  the  dis- 
charge steadily  decreases  until  serum  alone  is  obtained.  The  following  precau- 
tions must  be  observed  in  applying  the  suction :  The  suction  must  be  gentle  and 
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painless,  the  breast  red  and  warm,  n.,t  him-  ami  e,,ld;  removal  of  the  suction 
slmuld  be  followed  by  a  reactive  hypen-nna  :  „  I^U  ^p^r 

in  the  skin.      It  is  claimed  that  with  thi>  treatment  ;i  ,.m.  luiniiin 

dMiiiiirement  ;iml  glandular  destruction  can  be  ol.taii.. 
by  the  older  methods. 

(8)  Large  Anterior  Radinl'uu,  I,  Thi-  method,  whirl,  i.,  disfigur- 

ing  and  very  destructive  of  gland  time,  i  .1  tor  the  severe  CM*  in  • 

prompt  and  energetic  treatment  is  required. 

(4)  Morestins  Areolar  >'/,///  Incision,  The  arcolar  -kin  incision  is  used 
in  the  esthetic  treatment  of  abscess  of  tin-  hn-a^t,  there  b,-i:  udication 

than  an  esthetic  one  to  justify  it.  ThU  method  is  applieahh-  to  a  *HJM  rficial 
areolar  abscess  and  to  a  collar-button  ah^M-ss  pointing  in  the  areola,  or  one  that 
can  be  reached  from  the  areola.  Following  is  M- 

"During  lactation  the  areola  is  2  to  3  cm.  wide.     Th.-  in,-M,,n  gtarU  at  the  root 

of  the  nipple  and  proceeds  by  the  shortest  rout.-  toward  th.   aU. 

halts  at  the  areolar  margin,  the  knife  being  then  ••ar.-fully  p:l~,-d  und.  r  th,-  -km  and 
the  abscess  opened  to  the  bottom.  Tin-  ravity  i-  ,-\p|,,r.-.|  with  th*-  :  1  th.- 

communication  between  the  deep  and  superficial  ahs«-i—  made  into  . 
cleaned  out  and  disinfected  with  the  tincture  of  iodin  or  fi.rmal.  A  !ar^.-  -<.ft  rubber 
drain  is  brought  out  through  the  areolar  wound.  In  nia-titi-  following  la.  t;iti..n.  tin- 
breast  is  voluminous  and  more  or  less  pendant.  Thus  in  reality  tin-  areola  ia  in  a 
dependent  position.  Drainage  is  stopped  in  three  to  five  days  and  a  complete  cure  fun 
be  obtained  in  ten  to  twelve  days." 

COMPLICATIONS.— Troublesome  bleeding  can  be  controlled  by  packing.  If 
sinuses  have  formed,  they  should  be  laid  bare,  traced  to  their  source,  curetted. 
disinfected,  and  packed ;  excised ;  a  wedge-shaped  portion  of  the  breast  contain 
ing  the  sinuses  resected;  and  in  cases  where  the  breast  is  omiplHrlv  disorgan- 
ized, amputation  will  be  required.  Deaths  from  fat  enilxili  hav«-  lu-m  reported. 
Shields  describes  a  case  of  acute  mania  accompanying  a  mammary  abscess. 
We  have  had  two  such  cases,  in  one  of  which  the  patient  took  her  own  life, 

NON-TUBEKCULOUS  CHRONIC  ABSCESS. — Any  acute  abscess  may  U-eome 
chronic.  The  inframammary  and  retromammary  types  are  most  often  encoun- 
tered. Inframammary  abscesses  occur  most  frequently  in  women  past  middl** 
life.  They  result  from  infected  hematomas,  the  suppuration  of  cysts,  or  the 
lighting  up  of  a  residual  abscess.  The  retromammary  type  is  most  often  the 
result  of  conditions  arising  without  the  breast  (see  pa-.  Chronic  ab- 

scesses derive  their  surgical  significance  from  the  difficulties  and  mistakes  made 
in  diagnosing  them.  Such  abscesses  are  often  mistaken  for  tumors,  cancer, 
cysts,  tuberculosis,  etc.  The  fact  that  a  bloody  discharge  may  !*•  obtained  from 
the  nipple,  that  the  nipple  may  he  retracted,  that  the  thick-walled  abscess  may 
simulate  a  tumor,  and  that  axillary  glandular  enlargement  is  present,  makes 
an  accurate  diagnosis  absolutely  essential. 

The  treatment  consists  in  removing  the  abscess  intact.  The  abscess  is  ex- 
posed preferably  by  the  thoracomammary  incision ;  the  breast  is  turned  up  and 
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the  abscess  dissected  out  in  its  entirety.  If  conditions  prevent  this,  the  abscess 
is  incised,  disinfected,  and  efficient  drainage  provided.  At  times  amputation 
of  the  breast  is  required. 

Chronic  retromammary- abscess  arising  without  the  breast  is  treated  by  in- 
cision, drainage,  and  the  removal  of  the  causative  factor. 

6.  Gangrenous  Cellulitis  (Diffuse  Phlegmon). — Gangrenous  cellulitis  of  the 
breast  is  treated  on  the  same  principles  as  any  gangrenous  cellulitis. 

7.  Ligneous  Phlegmon.  —This  term  has  been  applied  by  Ombredanne  to  a 
condition  in  the  breast  that  corresponds  to  that  described  by  Reclus  as  ligneous 
phlegmon  of  the  neck,  or  by  the  Germans  as  Holz  phlegmone.     It  is  character- 
ized by  a  slow  course  and  a  wood-like  hardening  of  the  tissues.     The  condition 
may  persist  for  months,  but  as  a  rule  terminates  in  resolution  or  gives  rise  to  a 
chronic  mastitis. 

The  treatment  consists  in  the  establishment  of  an  accurate  diagnosis,  an 
improvement  in  the  patient's  general  condition  and  in  local  means  to  stimu- 
late the  activity  of  the  tissues.  The  latter  consists  in  the  employment  of 
support,  compression,  compound  iodin  ointment,  mercurial  ointment,  etc.,  and 
the  judicious  use  of  Bier's  suction  cups. 


CHRONIC  MASTITIS 

Chronic  inflammation  of  the  breast,  or  chronic  mastitis,  is  characterized 
by  the  increase  in  the  connective  tissue  and  the  gradual  destruction  of  the 
glandular  elements.  The  most  important  part  played  by  the  surgeon  is  the 
securing  of  an  accurate  diagnosis,  the  prevention  of  anything  that  might  irri- 
tate the  breast,  and  the  treatment  of  any  associated  genital  affections. 

The  use  of  bandages,  iodin,  ointments,  and  other  local  applications  should 
be  limited,  as  a  continuous  use  may  start  a  chronic  irritation. 


TUBERCULOSIS   OF    THE   BREAST 

Primary  tuberculosis  of  the  breast  is  rare.  With  the  few  exceptions  of 
direct  inoculations  of  the  breast,  the  tuberculosis  is  secondary  to  lesions  else- 
where. This  fact  brings  into  prominence  the  necessity  of  the  general  treat- 
ment of  the  patient.  The  skin  is  adherent  in  70  per  cent,  of  the  cases,  the 
nipple  retracted  in  30  per  cent.,  and  50  per  cent,  of  the  cases  show  an  early 
•axillary  involvement;  fistulization  is  not  uncommon. 

Palliative  Treatment. — This  consists  in  the  use  of  the  quartz  lamp,  X-rays, 
and  heliotherapy.  These  procedures  are  to  be  combined  with  the  appropriate 
surgical  treatment  of  the  existing  sinuses  and  pus  collections.  The  peculiari- 
ties of  surgical  tuberculosis  and  the  liability  of  such  lesions  to  secondary  in- 
fection are  to  govern  the  surgical  interference.  The  value  of  tuberculin  for 
this  condition  has  yet  to  be  proved.  Provided  the  tuberculous  lesion  is 
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elearly  limited  to  a  small  area,  a  partial  rex-rtion  of  tin*  ^Jand  mav  be 
performed,  This  method  is  advoeated  |,\  Hodman  in  ea-e-  of  voim«r  unmar- 
ried women  in  whom  a  mutilation  of  the  Im-a-r  would  impair  .-hunce*  of 
matrimony. 

Radical  Treatment. — The  radical  treatment,  which  is  lieat,  consist*  in  am- 
putating the  hreast  and  removing  tin-  axillary  ^lan«l«. 

Prognosis. — Provided  all  the  disease  is  removed  and  tin-  axilla  cleaned 
out,  the  operative  treatment  of  the  primary  eases  offers  a  permanent  and  satis- 
factory cure  with  little  or  no  mortality.  lleeurrene.  er  have  been  re- 
ported. In  the  secondary  cases,  the  pro;:  no- i-  i-  modified  h\  the  nature  and 
extent  of  the  original  lesion.  Deaver  reports  a  serie-  «.f  }.".  primary  cases 
and  29  secondary  ones  treated  hy  operation  without  a  death.  Hroendle,  re- 
viewing the  late  results  obtained  in  !»'»  operative  eases  in  the  Tiibin^en  ('linie. 
reports  but  one  recurrence.  This  was  a  severe  ea.-e  with  -eeondary  involvement 
of  the  ribs.  In  the  cases  where  the  radical  operation  was  performed,  the  per- 
centage of  cures  was  93.7  per  cent. 

SYPHILIS    OF    THE    BREAST 

The  treatment  of  syphilis  of  the  breast  presents  no  special  differences  from 
the  treatment  of  syphilis  elsewhere  in  the  body. 

ACTINOMYCOSIS    OF    THE    BREAST 

This  rare  condition  may  be  the  result  of  a  direct  infection  through  a  crack 
in  the  nipple  or  skin,  or  may  be  secondary  to  an  abdominal  or  thoracic  actino- 
mycosis.  The  obstinate  character  of  the  suppuration  and  its  tendency  to  de- 
velop metastases,  necessitate  prompt  and  energetic  treatment.  Locally  i 
best  combated  by  a  wide  excision  or  an  amputation  of  the  breast;  internally, 
by  the  administration  of  potassium  iodid. 

HYDATID    DISEASE    OF    THE    BREAST 

Hydatid  cysts  of  the  breast  are  rare.  They  may  be  situated  in  the  breast,  in 
tissue  behind  the  breast,  or  in  the  pectoral  muscle.  The  best  method  of  treat- 
ment consists  in  the  excision  of  the  cyst  with  the  adjacent  glandular  tissue  by 
a  wedge-shaped  resection.  Other  methods  are  incision  of  the  \  aquation 

of  its  contents,  removal  of  the  parent  cyst  and  amputation  of  the  breast. 

GALACTOCELE 

Galactoceles  are  cysts  containing  milk  or  substances  derived  from  milk. 
As  a  rule,  they  are  found  near  the  nipple,  but  they  may  ,xvur  anywhere  in 
the  breast.  The  treatment  is  excision  of  the  sac  and  immediate  suture  of  the 
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wound.      In  rare  instances  amputation  of  the  breast  has  become  necessary. 
We  consider  both  aspiration  and  incision  of  the  cyst  unsurgical  procedures. 

KELOID   OF   THE   BREAST 

The  best  results  seem  to  have  followed  the  use  of  radium,  X-rays,  and  the 
high-frequency  spark.  Operative  results  have  been  disappointing  and  recur- 
rences common.  In  operating,  a  wide  excision  should  be  made  and  the  gap 
filled  in  with  skin  grafts.  Injections  of  thiosinamin  are  employed.  Smyth  (50) 
recommends  repeated  injections  of  small  amounts  of  40  per  cent,  formalin  into 
the  substance  of  the  keloid,  claiming  that  in  a  few  weeks  the  keloid  is  destroyed 
by  dry  necrosis.  The  formalin  must  not  be  injected  in  the  subcutaneous  tissue. 

CYSTIC    DISEASES    OF    THE    BREAST   (RECLUS) 

Chronic    Cystic    Mastitis    (Koenig)  ;    Cystadenoma    of    the    Breast    (Schim- 

melbusch)  ;  Abnormal  Involution  (Warren)  ;  Senile  Parenchymatous 

Hypertrophy  (Bloodgood)  ;  Fibrous  and  Glandular  Hyper- 

plasia  with  Retention  Cysts  (Whitney) 

Cystic  disease  of  the  breast  is  a  senile  lesion  of  the  breast  usually  beginning 
at  or  a  short  time  before  the  menopause,  although  it  sometimes  occurs  in 

younger  women.  The  condition  is  at 
first  clinically  benign  and  may  remain 
so,  or  it  may  undergo  malignant  degen- 
eration. The  proportion  of  cases  under- 
going this  change  is  variously  estimated 
at  10  to  50  per  cent.,  a  more  just  esti- 
mate being  from  12  to  15  per  cent.  Of 
the  different  types,  the  adenocystic 
shows  the  greatest  tendency  to  become 
malignant. 

The  treatment  consists  in  (1)  a  con- 
servative amputation  of  the  breast  with 
the  axillary  glands  and  fascia;  (2)  sim- 
ple amputation  of  the  breast  by  the  an- 
terior elliptical  incision ;  (3)  plastic  ex- 
cision of  one  or  both  breasts  by  means 
of  the  Thomas  semilunar  thoracomam- 
mary  incision;  (4)  plastic  resection  of 
the  breast,  which  may  be  justified  in 
rare  instances  where  the  disease  is  localized  in  a  portion  of  the  breast ;  it  should, 
however,  not  be  employed  as  a  routine  procedure ;  Rodman  favors  the  method 
employed  by  Warren. 

(1)     Conservative  Amputation  of  the  Breast  with  the  Axillary  Glands  and 
Fascia  (Judd's  Operation), — This  operation  (Figs.  8?  9,  10,  11)  is  preferred 


FIG.  8. — INCISION  FOR  AMPUTATION  OF  BREAST 
FOR  CHRONIC  CYSTIC  MASTITIS.  Incision 
extends  on  to  the  shoulder  far  enough  to 
dissect  flaps  for  axilla.  (Judd.) 
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in  all  cases  of  cystic  mastitis  in  which  a  clinical  or  pathological  diagnosis  of 
malignancy  cannot  be  made.     If  the  slightest  suspicion  of  matignaiMij   if  • 

tained  the  radical  operation  for  carcinoma  is  performed  (Figs.  1 

TECHNIC. — Make  an  oblique  elliptical  incision  as  in   Ki^nin-  v     The  breast 
and  pectoral  fascia  are  freed  from  the  nnderK  i,,-  mu>dc  :i,,,l  retracted 
ward    (Fig.    9).      Retract  the   intact  pectoralis  major   upward    and    inward. 
Remove  the  axillary  fascia  and  glands,  and  as  much  as  possible  of  tin-  : 
lying  between  the  pectoralis  major  and  min-,  :l  -tal.  pun.- 

ture  in  the  axillary  flap  and  drain   with  split   nil.hrr  tub.-: 


AXILLARY 
VESSELS 


SCRRATUS  MAGNUS  M 
POST  THORACIC  M. 


FIG.  9. — PECTORALIS  MAJOR  PRESERVED  BUT  REFLECTED.     Fascia  has  been  dissected  from 
and  chest  wall.     Breast  turned  down  exposing  axillary  fascia  and  gland*.     <Ju<i<i  > 


tube  at  the  lower  angle  of  the  wound  (Fig.  11).  Close  the  wound  with  inter- 
rupted silkworm-gut  sutures,  approximating  the  edges  with  a  continuous  horse- 
hair suture.  This  operation  allows  of  a  thorough  conservative  removal  of  the 
breast,  pectoral  and  axillary  fascia,  along  with  the  axillary  glands,  without  the 
inconvenience  and  risks  attendant  on  the  more  radical  operation  for  eareinoma. 

(2)  Simple  Amputation  of  the  Breast  by  an  Anterior  Elliptical  Incision. 
—With  the  arm  abducted,  make  an  oblique  elliptical  incision  over  the  breast, 

including  the  nipple.  Starting  above,  the  incision  runs  obliquely  downward 
and  inward,  extending  between  the  corresponding  limits  of  the  gland.  The  skin 
is  dissected  free  from  the  breast,  the  pectoralis  major  exposed,  and  the  breast 
removed  from  it.  The  wound  is  closed  by  interrupted  sutures. 

COMMENT. — This  operation  is  easier  to  perform,  more  thorough,  and  gives 
a  better  exposure  than  the  plastic  excision,  but  is  more  deforming. 

(3)  Plastic  Incision  of  One  or  Both  Breasts  by  Means  of  the  Thomas  Semi- 
lunar  Thoracomammary  Incision   (Fig.  14). — Make  a  semilunar  incision  in  the 


PECTORALIS  MAJOR  M. 


DELT.OIO  M. 


LONG  SUBSCAPULAR 


SERRATUS  MAGNUS  M. 
PECTORALIS  MINOR  M. 

FIQ.  10. — AXILLARY  DISSECTION  COMPLETED;  VESSELS  AND  NERVES  EXPOSED.     Fascia  from  between 
the  pectoralis  majoi;  and  minor  removed  as  completely  as  possible.     (Judd.) 


HORSE -HAIR  SUTURE 


FIQ.  11. — SHOWING  CLOSURE  OF  INCISION,  WITH  Two  POINTS  OF  DRAINAGE,  AFTER  THE  CONSERVATIVE 

OPERATION.     (Judd.) 
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external  tnoracomammary  fold,  pa.-all.-l  t,,  th,-  outer  edge  of  tin-  external 
hemisphere.  This  </i ves  a  better  exposure  than  the  classical  incision  of  Thomaa. 
As  a  preliminary  to  the  operation,  the  incision  should  In-  run-fully  marked 
out  with  carbol-fuchsia  while  th«-  pati.-nt  is  i.,  th,-  ered  podtioa  1 f  the  breast 
is  movable  and  the  incision  is  made  in  the  pr.,n,.  poaitio*,  th.-  gurgeon  will 
be  cliaL-rincd  to  find  that  his  seemingly  wcll-planm-d  war  will  become  visible 
when  the  patient  resumes  the  erect  position.  ( 'arrv  the  incision  down  to  the 


BICEPS  M. 


DELTOID    M. 


CEPHALIC    V. 


PCCTORAUS  MAJOft   M 


LONG  SUBSCAPULAR  N. 
LONG  THORACIC  A. 
POST  THORACIC  N. 


PECTORALIS  MINOR 


RECTUS   M 


FIG.  12. — ANATOMIC  DISSECTION,  SHOWING  EXPOSURE  OF  AXILLA,  OBTAINED  BY 
PROCEDURE  OF  REMOVAL  OF  MUSCLES  AND  FASCIA.     (Judd.) 


MORE  RADICAL 


outer  edge  of  the  pectoralis  major  and  expose  the  deep  layer  of  the  pectoral 
fascia  which  covers  the  posterior  aspect  of  the  gland  and  is  separated  from  the 
deep  layer  of  the  pectoral  fascia  by  loose  connective  tissue.  By  blunt  dissec- 
tion separate  the  gland  from  the  muscle.  Turn  the  breast  upward  and  inward 
toward  the  sternum  so  that  the  posterior  surface  faces  anteriorly,  the  breast 
being  made  prominent  by  the  left  hand  forcing  the  posterior  surface  forward. 
Dissect  the  gland  from  the  skin,  taking  care  to  prevent  buttonholing  of  the 
skin  and  damage  to  the  nipple.  Check  all  bleeding.  To  prevent  the  sinking 
of  the  nipple,  pull  it  forward  and  insert  a  loose  purse-string  suture  of  catgut 
on  the  internal  aspect  of  the  areola.  Provide  suitable  drainage,  close  the  wound 
42B 


DELTOID  M. 


SUBSCAPULAR  M. 


PECTORALIS  MINOR  M. 


FIG.  13. — PECTORALIS  MAJOR,  BREAST  AND  FASCIA  TURNED  DOWN  AND  INSERTION  OF  PECTORALIS 
MINOR  CUT  OFF  FROM  SCAPULA.  Fascia  and  glands  lying  underneath  this  part  of  the  pecto- 
ralis  minor  exposed.  (Judd.) 


FIG.   14. — CRESCENTIC  INCISION  IN  THE  THORACOMAMMARY  FOLD.     (Thomas'  incision.) 
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with  interrupted  sutlireg,  apply  a  dry  dimung  ,nd  Mem  it  with  a  Warren 
supporting  bandage. 

COMMENT.-  The  disfigurement    ia  slight,  the  nipple  i,  |    and  lhl. 

scar  falls  in  the  thoracomammary   fnld.      l,,din   ,h.,..M   .,,,t    U-   ,„.,.,!   in  tin- 
preparation  for  this  operation,  u  it  ...ay  interfere  with  th,.  nutrition  ,,f  tho 
delicate  breast  skin.      In   drawin-   the    nippl,     forward    it    .hmild    U-   P 
bandied;  a  hemostat  sl,n,,|(i  DeVer  be  used  for  thii  purjM,,e.     Th,.  deprewion 
left  by  the  removal  of  th-  nla.,,1  can  1x5  filled  in  .f  fat  takm  fm,,, 

the  abdomen  or  buttock.     Lipomata  have  bwn  u^-l   for  this  puru-, 


\ 


FIG.  15. — PLASTIC  RESECTION.     Removal  of  wedge-shaped  piece  containing  cyst*.     Radiating 

in  the  other  lobules.     (Warren.) 


though  no  tissue  is  transplanted,   it  is   remarkable  t<-   <>I,MT\<    how   well   the 
depression  fills  in.     The  improvement  can  be  materially  hastened  by  a 
tematic  massage. 

(4)  Plastic  Resection  of  the  Breast  (Warren).— Warren*!  operation 
(Figs.  14,  15,  16,  17)  is  made  possible  by  the  fact  that  the  main  blood  supply 
of  the  breast  is  on  the  anterior  surface  of  the  inland  and  in  tin-  anterior  posi- 
tion (see  page  616).  We  believe  that  this  operation  is  an  ideal  one  for  1>« 
tumors,  isolated  cysts,  etc.,  but  it  is  not  indicated  in  cystic  diseases  of  the 
breast,  basing  our  opinion  on  the  fact  that  in  man  r  is  practically  impos- 

sible to  discover  and  remove  all  the  cysta  1>\  this  method.  As  the  operation 
has  for  its  chief  object  the  prevention  of  the  possibility  of  malignant  degenera- 
tion of  the  cysts,  amputation  of  the  breast  is  preferable  to  a  plastic  resection. 
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Plastic  resection  of  the  breast  was  first  suggested  by  Gaillard  Thomas  (1882) 
and  improved  upon  by  Warren   (1902). 


FIG.  16. — PLASTIC  RESECTION.     Reconstruction  of  breast  with  buried  sutures.     (Warren.) 

The  posterior  surface  of  the  gland  is  exposed  as  in  the  plastic  excision. 
Inspect  and  palpate  the  gland  tissue  for  the  presence  of  cysts,  etc.  Usually 
one  or  more  cysts  are  found  in  the  same  quadrant.  Remove  these  by  excising 


FIG.  17. — PLASTIC  RESECTION.     Reconstruction  of  the  breast  with  buried  sutures.    E version  of  nipple. 

(Warren.) 
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a  wedge-shaped  portion  of  tin-   bread    time,    '  A  hid,    in  tl. 

toward  the  center  of  the   -land,   the  I,;,,,-  toward   tin*  jxTiphcrv. 
knife  forward  to  the  adipose  tissue;  do  not  rrm.,v,.  thi,  latter,  however,  a*  it 
plays  an  important  role  j,,  pn-vriitin-  >iil.s«.,|ii,.|it  ih-j.n-^i.,11.     From  the  center 
of  the  breast  carry  radiating  rxj.l.,nit,,ry  inomODi  t.,xv;,nl  the  jH.ri]iherv. 


FIG.  18. — WARREN'S  SUPPORTING  BANDAGE. 

cysts  thus  exposed  are  bisected  or  snipped  out  with  a  scissors.  Arrest  all 
hemorrhage,  prevent  regression  of  the  nipple  as  in  plastic  excision  of  th«» 
breast,  close  the  wedge-shaped  incision  by  a  double  layer  of  catgut  sutures, 
drop  the  breast  back  and  anchor  it  to  the  outer  edge  of  the  pectoralis  major. 
Introduce  a  small  rubber  tube  drain,  close  the  skin  with  interrupted  silk 
sutures,  and  secure  the  dressing  in  place  with  a  Warn-n's  supporting  bandage 
fFig.  18). 

CLASSIFICATION  OF  CYSTS 

Cysts  may  be  classified  as  follows:  retention  cysts  (see  Galactocele,  page 
637;  simple  cysts;  cysts  with  intracystic  papilloinat.ms  growths:  .lonn- 
hydatid  cysts  (see  Hydatid  Disease,  page  «'.:;7  i  :  ranccr  cysts  (see  Cancer  i  :  and 
cysts  developing  in  malignant  growths  (see  Cancer). 

Simple  Cysts. — Simple  cysts  are  to  be  excised  together  with  a  portion  of 
the  gland.  The  surgeon  must  assure  himself  that  there  is  no  infiltration  of 
the  wall  and  that  the  contents  of  the  cyst  arc  not  bloody.  The  excision  is 
best  performed  by  Warren's  plastic  method.  Multiple  i-'inand  an  ampu- 

tation.    Aspiration  and   injection  of  cysts  are  mentioned  to  be  condemned. 
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Cysts  with  Intracystic  Papillomatous  Growths. — The  entire  breast  should 
always  be  removed  and  a  frozen  section  made.  If  the  microscope  fails  to 
reveal  anything  and  the  base  of  the  papillary  growth  appears  to  be  infiltrated, 
proceed  as  in  carcinoma  and  perform  the  radical  operation.  It  is  extremely 
difficult  at  times  to  detect  the  shading  over  into  malignancy. 

Dermoid  Cysts. — Small  dermoid  cysts  should  be  completely  excised;  if 
large,  or  of  long  standing,  the  breast  should  be  amputated. 

BENIGN    TUMORS    OF    THE    BREAST 

Benign  tumors  of  the  breast  include  lipoma,  angioma,  enchondroma,  en- 
dothelioma,  and  the  fibro-epithelial  tumors.  We  agree  with  Bloodgood  that 
"only  by  recognizing  conditions  in  the  precancerous  stage  can  the  fatal  inci- 
dent of  cancer  be  greatly  reduced.  We  regard  every  breast  tumor  as  poten- 
tially malignant  and  advise  immediate  removal."  We  prefer,  in  the  majority  of 
cases,  an  amputation  to  a  plastic  resection  and  reject  every  form  of  medical 
treatment  as  being  worthless  and  often  leading  to  dangerous  delays. 

Lipoma. — Single  or  multiple  subcutaneous  lipomata  are  excised;  the  in- 
framammary  and  retromammary  lipomata  are  treated  by  plastic  resection. 

Angioma. — Mammary  angiomata  are  treated  by  excision  of  the  breast. 
Areolar  or  subcutaneous  angiomata  are  treated  by  the  excision  of  the  diseased 
tissue,  or  by  the  application  of  radium,  liquid  air,  etc. 

Enchondroma  (Mixed  Tumor). — Amputation  of  the  breast  is  indicated  with 
dissection  of  the  axilla  if  the  glands  are  enlarged. 

Endothelioma. — This  rare  tumor  shows  a  tendency  to  recurrence  unless  a 
thorough  total  extirpation  is  performed. 

Fibro-epithelial  Tumors. — These  should  be  removed,  and  the  safest  pro- 
cedure in  the  majority  of  cases  lies  in  the  amputation  of  the  breast.  A  single 
small  fibro-adenoma  can  be  treated  by  excision.  If  there  is  a  tendency  to 
rapid  growth,  amputate  the  breast. 

Periductal  Fibroma  and  Myxoma. — Periductal  fibroma  and  myxoma  call  for 
prompt  excision  of  the  breast.  Advanced  cases  require  in  addition  the  removal 
of  the  pectoralis  major  and  the  axillary  glands.  The  treatment  of  a  small 
adenofibroma  is  excision  of  the  growth  with  its  capsule.  Larger  growths  re- 
quire amputation.  Benign  fibro-epithelial  tumors  do  not  recur  after  a  complete 
removal. 

SARCOMA    OF    THE    BREAST 

The  operation  for  sarcoma  is  done  in  exactly  the  same  way  as  for  carcinoma. 
Accumulated  clinical  experience  has  shown  that  sarcoma  invades  the  lymph 
vascular  system  very  nearly  as  quickly  as  carcinoma,  and  that  no  reliance  can 
be  placed  in  the  supposed  absence  of  glandular  involvement.  It  is  a  dangerous 
delusion  and  an  unsurgical  procedure  to  amputate  the  breast  without  clearing  the 
axilla. 
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Exploratory   Operations   on   the    Breast-    In    perfonmr,L  ploratorv 

operation   for  suspected  cancer  the  tumor  should  be  removed  with  a  j* 
of  surrounding  breast— or  Letter  the  whole  breast     The  actual  eaiiterv  ig  ap- 
plied to  raw  areas,  or  the  cavity  packed  with  gauze  soaked  in  ilarrinirton'c 
solution.     The  suspected  tissue  >h<>ul<l  be-  elnsek  inspected  and  frozen  un- 
made for  microscopic  examination.     In  the  majority  of  cases  a  diagnosi^ 
be  made  on  the  gross  appearance  of  the  tissue. 

The  Two-stage  Operation  on  the  Breast.  In  the  first  stage  the  tissue  is  re- 
moved for  microscopic  examination  and  the  wound  closed.  at  the  second 
sitting,  the  complete  operation  is  performed.  This  is  an  unsurgical  procedure, 
and  in  the  face  of  a  possible  malignancy  is  wantonly  courting  disaster. 


CARCINOMA    OF    THE    BREAST 

History  of  the  Operation  for  the  Cure  of  Mammary  Carcinoma. — As  early  as 
the  third  century  Antyllus  operated  for  cancer  of  the  breast  The  breast  was 
seized  with  great  pincers,  swept  off  with  the  knife,  and  the  raw  surface  seared 
with  the  cautery — the  ancients  thus  antedating  our  forefathers  in  sur. 
thoroughness.  Benjamin  Bell  (1804)  taught  that  the  removal  of  the  axillary 
glands  with  the  pectorals  down  to  the  ribs  was  absolutely  necessary  in  the 
treatment  of  cancer.  Sir  Astley  Cooper  advocated  a  wide  removal  of  the 
skin  over  the  cancer  and  the  channels  leading  from  the  breast,  whether  they 
appeared  to  be  involved  or  not.  The  carrying  out  of  such  heroic  measures 
without  the  benefits  of  anesthesia  and  antiseptics  required  a  stout  heart  By 
many  it  was  held  that  the  results  obtained  did  not  justify  the  terrible  suffering 
entailed.  An  added  factor  in  pessimism  was  the  general  belief  that  cancer  was 
a  constitutional  disease  and  could  not  be  cured  by  local  means.  Sir  Astley 
Cooper  himself  stated  that  the  complaint  is  in  part  constitutional  and  in  part 
local. 

Charles  Moore  (31),  a  surgeon  of  Middlesex  Hospital,  London  (18«- 
shattered  the  constitutional  theory  of  cancer  and  is  undoubtedly  tho  father  of 
the  modern  operation.  According  to  Handley,  Moore's  teachings  found  but 
little  favor  outside  the  Middlesex  Hospital.  Moore  insisted  that  the  entire 
breast  and  all  the  involved  structures,  skin,  fat,  pectoral  fascia,  pectoral  muscle, 
and  enlarged  lymphatic  glands  should  be  removed  in  one  block,  and  that  this 
be  done  without  cutting  into  or  seeing  the  growth. 

Sir  Mitchell  Banks  of  Liverpool  (1882)  advocated  "the  removal  of  the 
axillary  glands,  as  well  as  the  breast,  in  all  cases  whether  we  can  feel  them 
enlarged  or  not."  Banks  had  practiced  this  since  1878.  According  to  Rodman, 
Gross,  "in  the  late  seventies,  began  to  teach  and  practice  the  principles  laid 
down  by  Moore."  ITalsted  in  1892  practiced  the  removal  of  the  supraelavicu- 
lar  glands.  Volkmann  (1882)  instituted  the  routine  removal  of  the  fascia 
covering  the  pectoralis  major.  Banks  (1867)  advocated  the  removal  of  the 
pectoralis  major  when  involved;  Halsted  (1888)  practiced  it  as  a  routine 
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and  succeeded  in  convincing  the  profession  of  its  necessity.  He  states  (1894) 
that  "the  entire  pectoralis  major  or  all  except  its  clavicular  portion,  should 
be  excised  in  every  case  of  cancer  of  the  breast. " 

To  Willy  Meyer  of  New  York  (1894)  belongs  the  credit  of  urging  that 
both  pectorals  be  removed,  and  that  the  dissection  of  the  lymphatics  precede 
the  removal  of  the  breast.  Meyer's  operation  was  devised  entirely  inde- 
pendently of  Halsted.  In  1904  Handley,  of  London,  put  forward  his  theory 
of  the  permeation  of  the  cancer  cells,  and  advocated  a  much  wider  removal 
of  the  deep  fascia.  He  removes  the  fascia  covering  the  inner  border  of  the 
opposite  pectoral,  the  upper  portions  of  the  rectus,  and  external  oblique  and 
that  of  the  latissimus  dorsi.  Stiles  (1892)  made  valuable  contributions  to 
the  surgical  anatomy  of  the  breast,  showing  that  the  breast  tissue  was  far 
more  extensive  than  had  been  previously  taught.  His  work  greatly  enhanced 
the  value  of  the  "complete  operation." 

Operative  Indications. — Provided  the  patient's  general  condition  warrants 
it,  the  radical  operation  should  always  be  performed,  even  if  the  hope  of  a 
permanent  cure  is  remote.  Age  is  not  a  bar;  the  older  the  patient,  provided 
she  stands  the  shock  of  the  operation,  the  better  the  chance  of  cure.  No 
definite  rules  can  be  laid  down  for  palliative  operations.  Each  case  must  be 
judged  on  its  own  merits.  The  operation  should  only  be  undertaken  with  the 
object  of  prolonging  the  patient's  life  or  for  the  relief  of  the  mental  and  physi- 
cal agonies  occasioned  by  the  presence  of  a  foul  carcinomatous  ulcer. 

Centra-indications. — (1)  Acute  inflammatory  cancer  (mastitis  carcinoma- 
tosa  of  Volkmann). 

(2)  Cancer  en  cuirasse. 

(3)  When  the  tumor  is  associated  with  multiple  carcinomatous  nodules 
in  the  skin. 

(4)  When  the  tumor  is  firmly  fixed  to  the  chest  wall. 

(5)  When  the  cervical  or  axillary  glands  are  so  extensively  involved  that 
a  radical  operation  cannot  be  performed  and  when  no  benefit  is  expected  to 
be  derived  from  a  partial  operation. 

(6)  In  elderly  patients  with  long-standing  atrophic  or  diffuse  cicatrizing 
carcinoma. 

(7)  In  the  presence  of  visceral  or  bony  metastasis. 

The  frequency  of  pulmonary,  hepatic,  bony,  and  spinal  metastasis  is  to 
be  kept  constantly  in  mind.  It  may  be  clinically  impossible  to  detect  early 
involvement  of  these  structures.  All  complaints  of  gastric  disturbances,  neuri- 
tis, pains  in  the  bone,  rheumatism,  etc.,  are  to  be  carefully  investigated  and 
radiographic  examinations  made. 

Remarks  on  Operations  for  Carcinoma  of  the  Breast. — The  operation  con- 
sists in  the  removal  of  the  breast  and  all  the  tissues  which  have  been  shown 
by  anatomical,  pathological,  or  clinical  investigation  to  be  potential  cancer  chan- 
nels. We  accept  as  a  working  basis  Handley's  theory  of  cancerous  permea- 
tion and  add  to  the  radical  operation  the  additional  routine  step  of  removing 
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the  subcutaneous  tissue  and  the  apone,,,  ,}„.  n,.ti  fmm  the  epig; 

triangle.     Wo  believe  in  the  advantages  of  \Villv  Mevcr'.H  method  ,,f  atta- 

the  axilla  before  removing  the  hn-ast.  Tin-  bcmorAage  is  diminished  th«. 
danger  of  expressing  cancer  cells  Into  neighbor!]  sgues  is 'to  a 

large  extent  avoided,  a  clearer  field  js  obtained,  „„,!  th,.  ,  ,  exposure  of 

the  chest  is  delayed  until  the  terminal  stage  of  the  operation.  In  rloarin^  th«- 
axilla,  after  ligating  the  vessels  and  expo^n-  the  turret,  all  work  should  I*, 
done  outside  the  fascial  boundaries  and  the  lasc-ia  removed  in  planes.  The 


FIG.  19. — MORESTIN'S  INCISION.  A — Continuous  line  shows  the  area  of  akin  to  be  removed.  Shaded  area 
shows  undermining  of  flaps.  B — Method  of  mobilizing  the  integument  of  th«-  in-rk.  ( '  shows  the 
method  of  closure  after  mobilization  of  the  skin  over  the  neck  and  abdomen.  Drainage  tube  at 

the  lowest  point  of  undermining. 

old  method  of  merely  brushing,  stripping,  or  dissecting  out  the  contents  within 
the  axilla  should  not  be  employed. 

THE  SKIN. — A  wide,  circular  removal  of  the  skin  and  subcutaneous  tissue 
combined  with  an  extensive  undermining  according  to  the  Morestin  princi- 
ple (Fig.  19)  is  performed.  Rodman  attributes  the  excellent  results  obtained 
by  Gross  and  Banks  to  the  free  removal  of  the  skin  practiced  l»y  them. 

KEMOVAL  OF  THE  PEEMEATED  AREA  OF  THE  DEEP  FASCIA. — I  land  ley 
believes  that,  while  removal  of  the  skin  has  in  some  hands  reached  the  furthest 
possible  limits  without  any  corresponding  improvement  in  results,  it  is  possi- 
ble to  remove  the  deep  fascia  (Figs.  20,  21,  A)  over  a  wider  area  than  is  usually 
done.  Except  in  very  early  cases  the  removal  of  a  maximal  circular  area  of 
deep  fascia  centered  upon  the  primary  growth  is  a  step  absolutely  essential 
to  the  completeness  of  the  operation.  He  takes  the  distance  from  the  nipple  to 
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LYMPHATICS  PASSING 
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MAMMARY    TRUNK 


the  clavicle  as  the  radius  of  the  circle  of  deep  fascia  around  the  growth  which 
can  be  removed  without  difficulty  by  undermining  the  skin  flaps  and  prolonging 
the  incision  downward.  If  the  growth  starts  under  the  nipple,  the  deep  fascia 
is  removed  superiorly  to  the  clavicle  and  inferiorly  to  a  horizontal  line  run- 
ning 2  in.  beneath  the  tip  of  the  ensiform  cartilage;  internally  1  to  2  in. 
beyond  the  middle  line,  and  externally  just  beyond  the  anterior  edge  of  the 

latissimus  dorsi. 

It  has  been  suggested 
that  the  bad  results  ob- 
tained in  growths  situated 
*n  e  a  r  the  margins  of  the 
breast  may  be  due  to  the 
fact  that  not  enough  of  the 
infected  fascia  is  removed. 
In  cancer  situated  at  the 
sternal  margin  it  may  be 
necessary  to  remove  the 
deep  fascia  from  beneath 
one  half  the  opposite  breast, 
if,  at  the  lower  margin  of 
the  breast,  the  abdominal 
deep  fascia  should  be  re- 
moved to  the  umbilicus,  or 
if,  in  the  axillary  tail,  the 
fascia  over  the  deltoid  and 
on  the  posterior  surface  of 
the  latissimus  dorsi  must 
be  removed. 

EEMOVAL    OF   MUSCLES. 
—It  is  necessary  to  remove 
the  whole  of  both  pectorals 
with  the  exception,  in  early 
cases,    of   clavicular   fibers, 

the  digitations  of  the  serratus  magnus  lying  in  contact  with  the  breast,  and  the 
superficial  layer  of  the  external  oblique  which  arises  from  the  fifth  and  sixth 
ribs. 

The  Operation PEEPAEATION  OF  THE  PATIENT.— This  is  the  same  as 

for  any  other  operation  of  similar  magnitude.  In  preparing  the  skin  we  rely 
on  the  older  methods  of  disinfection  and  do  not  favor  the  use  of  iodin  in  this 
situation.  The  iodin  is  irritating  to  the  delicate  breast  skin,  toughening  it 
and  diminishing  its  pliability. 

ANESTHESIA. — Gas  and  oxygen  anesthesia  combined  with  the  preliminary 
use  of  morphin  is  preferred.  If  this  is  unsuitable,  ether  is  administered  by 
the  drop  method  or  by  intratracheal  insufflation.  Chloroform  is  reserved  for  a 
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FIG.  20. — LYMPHATICS  OF  THE  ANTEROLATERAL  PORTION  OF  THE 
THORAX  AND  ABDOMEN.     (After  Poirier  and  Cuneo.) 
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few  rare  cases  in  which  the  condition  of  tin-  limp,  will  i,,,t  a.liuit  the  use  of 
gas,  oxygen,  or  ether. 

POSITION  OF  PATIENT.— The  patient  is  placed  in  a  dorsal  position  with 
a  low  sand  hag  between  the  shoulders.  The  arm,  with  ih,.  ,-lUjw  flexed,  is 
placed  at  right  angles  to  the  body  and 
held  by  the  nurse.  Avoid  pressure 
on  the  musciilospiral  nerve.  When 
tin-  :inu  is  held  in  extreme  abduction, 
the  separation  between  the  muscular 
lasers  is  difficult  to  make  out,  the 
axillary  vein  is  displaced,  and  thus 
made  liable  to  injury.  Such  stretch 
ing  is  also  a  fertile  cause  of  persistent 
postoperative  axillary  pain. 

GENERAL  DESCRIPTION  OF  OPER- 
ATION.— The  removal  of  the  breast  is 
but  an  incident  in  the  operation,  and 
in  order  to  make  the  object  of  the 
succeeding  steps  clear,  we  quote  the 
following  admirable  exposition  from 
Hand  ley : 


N 


N 


N 


*-  B 

FIG.  21.— CANCER  OF  THE  BREAST.  A— The  area  of  epigastric  invasion  in  breast  cancer.  Its  lower  limit 
is  a  purely  artificial  line.  This  area  might  not  inappropriately  be  called  the  dangerous  area  in  breast 
cancer.  B  shows  that  subcutaneous  nodules  do  not  necessarily  arise  from  the  extension  of  growth 
along  the  skin.  The  diagram  represents  a  section  of  the  parietes  at  right  angles  to  the  surface  in  the 
region  of  the  primary  growth  P;  a  a  skin,  b  b  subcutaneous  fat  fascia.  The  subcutaneous 

nodules  N  N  N  may  arise  (1)  from  spread  of  growth  in  the  skin  in  tin-  din-rtion  of  the  lightly  dotted 
line,  a  view  generally  held ;  or  (2)  from  spread  of  growth  in  the  deep  fascia,  along  the  heavy  interrupted 
line,  with  occasional  offshoots  to  the  skin,  giving  rise  to  sul>. •ut:iiH-..u>  nodule*.  Though  this  is  not 
the  accepted  view,  it  is  the  correct  one  in  the  writer's  opinion.  (Hand!- 

"The  object  of  the  operation  should  be  the  removal  intact  of  the  permeated  area 
of  the  lymph-vascular  system  which  surrounds  the  primary  growth,  and  of  the 
lymphatic  glands  which  may  have  been  embolically  invaded  along  the  trunk  lym- 
phatics of  the  area  concerned.  How  are  the  limits  of  this  permcattHl  area  to  be  de- 
fined ?  It  is  impossible  to  see  it  with  the  naked  eye.  The  operator  can  therefore  only 
aim  at  keeping  a  safe  distance  beyond  it.  Of  course  the  area  of  centrifugal  spread 
in  the  deep  fascia  is  not  a  mathematical  circle,  any  more  than  is  the  area  of  spread 
of  an  ordinary  case  of  erysipelas.  Slight  variations  in  the  local  conditions  may  lead 
to  increased  spread  in  one  direction,  to  a  diminished  spread  in  another.  If  one  or 
two  subcutaneous  nodules  are  present  on  one  side  of  tho  primary  growth,  the  skin  and 
deep  fascia  on  that  side  should  be  removed  more  widely  than  in  the  opposite  direc- 
tion. But  in  the  usual  absence  of  evidence  to  the  contrary,  the  only  safe  assumption 
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is  that  cancer  has  spread  equally  in  all  directions.  The  area  of  spread  is  circular,  not 
not  spherical,  because  permeation  tends  by  preference  to  keep  in  one  plane,  that  of 
the  fascial  lymphatic  plexus  (Fig.  20).  But  later  on,  permeation  spreads  into  the 
small  muscular  and  cutaneous  tributaries  which  drain  vertically  into  the  fascial  plexus 


FIG.  22. — CROSS-SECTION  OF  AN  AMPUTATED  BREAST,  SHOWING  RELATIVE  AMOUNTS  OF  SKIN  AND  DEEP 
FASCIA  TO  BE  REMOVED.     Note  that  the  greatest  depth  is  opposite  the  growth. 

and  so  invades  the  adjoining  layers  to  a  depth  which  reaches  its  maximum  opposite 
the  center  of  the  primary  growth.  Thus  a  breast  cancer  with  its  invisible  micro- 
scopic extensions  forms  a  mass,  shaped  somewhat  like  a  biconvex  lens  (Fig.  22).  The 
thin  circumference  of  the  lens  situated  often  far  beyond  the  limits  .of  the  breast,  is 
formed  by  cancer-filled  lymphatics  of  the  fascial  lymphatic  plexus  and  lies,  as  a  rule, 


FIG.  23. — JACKSON'S  INCISION. 


exclusively  in  the  plane  of  the  plexus.  As  one  approaches  the  center  of  the  lens 
which  corresponds  to  the  primary  growth,  the  adjoining  layers  of  the  subjacent  mus- 
cle on  the  one  hand  and  the  subcutaneous  fat  and  skin  on  the  other,  are  invaded  by 
cancer  to  a  gradually  increasing  degree." 

It  will  thus  be  seen  that  in  the  removal  of  the  lens-shaped  mass  of  tissue 
to  the  outer  margin  of  which  the  axillary  fat,  glands,  and  fascia  are  attached, 
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the  removal  of  tin-  bread  ii  l...t  an  incident.    Tin-  ..kin  ii,,.i,i,,i,  m.i.t  of 

sily    varv    with    the  condition*      The   principal   nl.jccts   an-   the    r..|,,.,xilur  of  a 

siiil.nc.it  amount  of  skin  and  the  providij  ,.(!CM  to  tho  deej>. 

Secondary  considerations  an  the  ckwnre  of  the  wound,  the  en 
patient,  an.!  the  future  nsefnlnos  ,,f  the  arm.      In  deciding  on  the  amount  of 
skin  to  be  taken  away,  no  regard  is  to  be  paid  to  subsequent  closure  of  the 
wound.      We  use   the   following    incisions:   Jackson'*    (Fig.   23),   Rodman's 
(Fig.  24),  Handler's  (Fiu.  25),  and  ......  liionallj  K.--l,..r',  an.l  Iwk's  (Fig. 

26).     If  necessary,  in  using  Jackson's  or  Rodman's,  we  add  a  linear  in< 

to  the  lower  and  inner  part 

to  provide  access  to  the  deep 

fascia  over  the  epigastric  tri 

Miigle.     The  wide  removal  of 

the  deep  fascia  mobilizes  and 

frees  tho  skin  to  such  an  ex- 

tent  that   the   edges   of  the 

wound    can    be    brought    to- 

gether without  tension,  thus 

to  a  large  extent  abolishing 

the  complicated   flap  forma- 

tions and  sk  i  n-gr  af  t  i  ng.   Eod- 

nuin's     incision     provides     a 

wide  removal  of  skin,  a  good 

access  to   the   axilla,   and   a 

triradiate  scar  which  does  not 

extend   to  the   arm.      Hund- 

ley's   incision    yields    a    tri- 

radiate cicatrix  removed 

from  the  anterior  edge  of  the  axilla. 

good  exposure  and  an  easy  closure. 

STEPS  OF  THE  OPERATION.—  T.     TIIK  INCISION      I  -Outline  the 

skin  incision  ABCDEFG.  The  axillary  portion  ABC  begins  at  a  point  A, 
I1/*?  in.  below  the  middle  of  the  clavicle  in  the  sulcus,  marking  the  interval  be- 
tween the  deltoid  and  the  pectoralis  major,  and  is  carried  down  this  groove 
to  the  junction  of  the  pectoral  muscle  with  the  arm  B.  The  incision  BC  is 
then  carried  down  the  under  margin  of  the  pectoral  fold  to  the  point  C.  The 
point  D  lies  on  the  chest  wall  and  to  the  outer  side  of  the  breast  The  cir- 
cular incision  CDEG,  5  in.  in  diameter,  has  as  its  center  the  growth,  not  the 
nipple,  and  should  be  at  least  3  in.  distant  from  the  tumor.  The  linear  incision 
EF  comes  off  from  the  lower  and  inner  border  of  the  annular  incision  and 
passes  down  the  linea  alba  for  a  distance  of  2  in.  The  incisions  are  to  be  in- 
dicated by  scoring  the  skin.  The  skin  incision  ABC  is  made  just  deep  enough 
to  open  up  the  subcutaneous  fat  without  extending  down  to  the  deep  fascia,  the 
edges  of  the  skin  incision  are  carefully  undermined,  and  the  flap  ABC  is  oov- 


Fio.  24. — RODMAN'S  INCISION.     Shaded 
mining  of  flftpft. 


Jackson's  ingenious  incision  affords  a 


FIG.  25. — HANDLEY'S  INCISION.    Shaded  area  shows 
fascia  to  be  removed. 


FIG.  26. — BECK'S  INCISION. 


FIG.  27.— OPERATION  FOB  BREAST  CANCER.    INCISION. 
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ered  with,  a  hot  towel  and  turned  upward  and  inward.  Expose  the  tendinous 
insertion  of  the  pectoralis  major.  Hook  the  index  finger  under  the  muscle 
(Fig.  28),  divide  it  at  its  insertion,  free  it  from  the  clavicle,  and  turn  it  back- 
ward against  the  chest.  This  exposes  the  clavicoraco-axillary  fascia  (Figs. 
29,  30),  which  passes  from  the  clavicle,  invests  the  pectoralis  minor,  and  from 
the  lower  border  of  the  muscle  passes  downward  to  the  skin  of  the  axilla  as 
the  suspensory  ligament  (Fig.  31). 

II.  THE  FASCIAL  DISSECTION  OF  THE  AXILLA  (Figs.  31,  32,  33,  34). — 
Locate  the  axillary  vessels  and  brachial  plexus,  which  can  be  seen  shining 
through  the  fascia.  Do  not  break  through  the  fascia,  but  incise  it  along  the 
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FIG.  29. — CLAVICORACO-AXILLARY  FASCIA  COVERING  AXILLARY  VESSELS.     Dotted  line  indicates  the 
first  incision  made  in  the  fascial  dissection  of  the  axilla. 

line  of  the  coracobrachialis  (Figs.  29,  30)  up  to  the  insertion  of  the  pectoralis 
minor.  Hook  the  finger  under  this  latter  and  divide  it.  Place  a  clamp  on 
the  cut  edge  of  the  fascia  and  retract  it  toward  the  chest.  With  the  gloved 
index  finger,  or  by  expanding  a  Mayo  scissors  underneath  the  fascia,  strip  it 
i  n  one  plane  from  the  arm  inward  across  the  sheath  of  the  vessels.  In  this 
manner  the  whole  upper  edge  of  the  clavicoraco-axillary  fascia  is  loosened  and 
the  vessels  exposed  throughout  their  course  in  the  axilla  and  upper  arm.  All 
perforating  vessels  are  secured  and  ligated. 

The  next  step  in  the  fascial  dissection  of  the  axilla  is  the  separation  of  the 
axillary  fascia  from  the  brachial  (Fig.  30).  This  allows  the  reflection  in- 
ward of  the  anterior  fascial  wall  of  the  axilla.  Begin  at  the  entrance  of  the 
vessels  into  the  axilla,  ligate,  and  cut  all  their  branches  entering  the  axilla  or 
passing  forward  to  the  pectoralis.  Do  not  yet  attempt  to  remove  any  fat, 
etc.>  from  the  axilla.  Locate  and  trace  the  long  subscapular  nerve  to  the  latis- 
simus  dorsi.  Incise  the  fascia  on  the  under  surface  of  the  latissimus  dorsi, 
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free  it  to  the  anterior  border,  and  then  from  the  anterior  face  of  the  muscle 
tip  to  the  anterior  border  of  the  subscapularis.     Free  the  subscapular  fascia 
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FIG.  31. — DIAGRAM  SHOWING  CORONAL  SECTION  OF  AXILLA.     Red  line  indicates  the  direction  to  be 
followed  in  the  extrafascial  dissection  of  the  axilla. 

(Fig.  35)  in  one  plane  from  the  anterior  to  the  posterior  border  of  the  scapula 
and  pass  the  edge  under  the  long  subscapular  nerve.  The  long  thoracic  nerve 
lies  on  the  fascia  covering  the  serratus  magnus  and  willjbe  readily  found  in 

(CEPHALIC     VEIN 
iPECTORALIS 
IMAJOR 


SUBSCAPULARfS 


SCAPULA 
INFRA   SCAPULARIS 

FIG.  32. — DIAGRAM  SHOWING  HORIZONTAL  SECTION  THROUGH  AXILLA.     The  red  line  indicates  the 
direction  to  be  followed  in  the  extrafascial  dissection  of  the  axilla. 

the  angle  between  the  subscapular  and  serratus  fascia  (Fig.  36).     Incise  the 
subscapular  fascia  and  retract  the  nerve  from  the  chest  wall.     Putting  the  2 
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layers  of  fascia  on  the  stretch  (Fig.  3C),  pass  a  scissors  underneath  the  nerve 

to  the  highest  posterior  point  in  the  axilla,   wlii-n-  tl.«-  tV.-i:,.  i>,,m  the  sub- 


FIG.    33.  —  DIAGRAM  SHOWING  SAGITTAL  SECTION  OP  BREAST  AND  CHEST  WALL.      The  red  line  indi- 
cates the  direction  to  be  followed  in  the  extrafascial  removal  of  the  breast. 


scapularis  and  the  chest  wall  meet.    This  is  about  1  to  l1/^  in.  above  and  pos- 
terior to  the  vessels.     Divide  the  fascia  and  reflect  it  up  to  the  chest  wall.     It 
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FIG.  34. — DIAGRAM  SHOWING  CORONAL  SECTION  OF  THE  AXILLA  WITH  THE  CONNECTIONS  BETWEEN  THE 

PLEUBAL  AND  AXILLARY  LYMPHATICS. 
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will  be  found  that  the  fascia  over  the  serratus  magnus  can  be  separated  quite 
readily  with  the  finger.  In  this  way,  the  axillary  fascia  with  its  contents  of 
fat,  glands,  vessels,  etc.,  is  kept  intact,  the  separation  having  been  done  out- 
side the  axillary  fascial  lining.  If  the  extrafascial  removal  of  the  axillary 
contents  be  correctly  carried  out,  the  axilla  will  be  stripped  absolutely  clean, 
nothing  remaining  behind  but  the  bare  muscle,  the  long  subscapularis,  and 
the  long  thoracic  nerves. 

At  this  stage  of  the  operation  the  cleft  between  the  teres  minor  and  the 
infraspinatus  should  be  carefully  searched  for,  as  in  a  small  percentage  of 
cases  one  of  the  subscapular  glands  sometimes  projects  backward,  lying  with- 
out the  axilla,  and  is  liable  to  escape  detection.  Locate  the  cephalic  gland 
over  the  cephalic  vein.  If  present,  remove  it.  Explore  the  supraclavicular  re- 
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FIG.  39. — SUMMIT  OF  THE  AXILLA  WITH  A  LYMPHATIC  GLAND  LYING  ON  THE 
FIRST  RIB  BETWEEN  THE  ARTERY  AND  VEIN. 


gion  for  enlarged  glands.  If  these  are  present,  undermine  the  skin  over  the 
clavicle,  retract  it  apart,  and  clear  out  the  glands,  fat,  and  fascia.  If  this  does 
not  yield  a  sufficient  exposure,  add  a  vertical  incision.  Place  a  hot  towel  in 
the  axilla  and  proceed  to  the  third  step  in  the  operation. 

III.  THE  REMOVAL  OF  THE  DEEP  FASCIA,  MUSCLES,  FAT,  AND  BREAST 
(Figs.  27,  37,  38). — The  area  of  the  deep  fascia  to  be  removed  must  be  at  least 
double  that  of  the  skin ;  a  circle  of  skin  with  a  diameter  of  5  to  6  in.  calls  for  the 
removal  of  a  circle  of  deep  fascia  with  a  diameter  of  10  to  12  in.  The  skin 
incision  CDEFG  is  made  just  deep  enough  to  open  up  the  subcutaneous  fat 
and  does  not  extend  down  to  the  deep  fascia.  The  flaps  CDEF  and  CGEF 
are  dissected  back  to  the  requisite  distance,  and  the  deep  fascial  circle  out- 
lined. The  circle  of  deep  fascia  is  now  dissected  from  the  subjacent  muscle 
and  reflected  toward  the  center.  Internally  it  begins  on  the  opposite  side  of 
the  sternum  and  is  reflected  externally  to  the  margin  of  the  pectoralis  major. 
Inferiorly  the  upper  portion  of  the  anterior  sheath  of  the  rectus  is  care- 
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fully  removed  along  with  the  dictations  ,,f  the  external  ,,l,li,pi«.,  arising 
from  the  fifth  and  sixth  ribs.  The  „,,,„-,•  and  out,  1  mar-in,  of  th,. 

circle  have  been  freed  in  the  axilla:  action.     The  j^-toral  nniHclea  are 

now  lifted  from  the  chest  wall,  their  libers  put  on  a  itreteh,  the  nmnclea  §ev- 
ered  close  to  their  insertions,  and  the  pi-rforatini:  iiit«-rro,tal  veueLi  seized 
and  ligated.  Retract  the  intact  mass  inward  and  downward  and  remove  the 
fascia  and  the  digitations  of  the  aerratus  that  are  in  .-oi,ta.-t  with  the  deep 
surface  of  the  breast.  The  parts  removed  represent  a  c<-  Fig.  22). 

"The  parts  removed  form  a 
single  biconcave  lens  with  thin  ex- 
tensive edges"  attached  to  the  up- 
per and  outer  quadrant  are  the 
axillary  fascia  and  its  contents. 

IV.  THE  REVIEW  (Fig.  38). 
The  subclavius  should  be  in  clear 
view,    not    obscured   with   fat. 
Search  the  apex  of  the  axilla  where 
the  vein  emerges  from  the  chest 
wall,  and  be  sure  that  there  are  no 
glands  or  fat  underneath  the  vein 
or  between  the  vein  and  the  artery 
(Fig.   39).     Scrutinize  the  sulcus 
between  the  teres  minor  and  in- 
fraspinatus   for   a   possible  extra- 
axillary  subscapular  gland.  Search 
for  the  cephalic  gland    (deltopec- 
toral  gland). 

V.  CLOSURE. — A  trial  is  now 
made  to   see  the  best  method  of 
closure.     As  a  rule,  the  redundant 
flap  ABCG   (Fig.   27)    is  pulled 
downward    and    inward,    and   the 
axillary  flap  upward  and  inward 
as  is  shown  in  Figure  40.     This 
method  yields  a  sinuous  scar  which 
avoids  the  anterior  axillary  mar- 
gin and  provides  a  good  covering 
for  the  axillary  vessels  and  nerves. 
At  other  times  a  triradiate  closure 
is  made.     If  an  extensive  fascial 

dissection  has  been  carried  out,  it  is  surprising  to  see  how  easily  the  large 
wound  can  be  covered.  The  necessary  dissection  for  a  wide  removal  of  the  deep 
fascia  so  mobilizes  the  skin  that  it  comes  together  without  tension.  If  sufficient 
mobilization  of  the  skin  has  not  been  obtained,  a  further  degree  can  be  derived 


FIG.  40. — OPERATION  FOR  BREAST  GANGES.     Closure 
of  incision. 
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by  drawing  on  the  natural  skin  reserves  of  the  neck  and  the  abdomen.  Carl 
Beck  first  called  attention  to  the  value  of  the  skin  reserve  beneath  the  breast 
and  designed  his  operation  with  this  in  view  (Fig.  26).  Morestin,  in  his  tegu- 
mentary  mobilization,  by  wide  undermining,  amplifies  Beck's  principle  and 
draws  upon  the  skin  reserves  of  the  neck,  as  well  as  of  the  abdomen,  thus 
greatly  increasing  the  usefulness  of  the  procedure.  We  have  frequently  em- 
ployed this  method  and  found  it  invaluable. 

According  to  the  extent  of  the  wound,  make  1  or  2  stab  punctures  and 
insert  split  rubber  tube  drains :  one  at  the  posterior  border  of  the  latissimus 

dorsi  for  the  axillary  space,  and  another 
at  the  lowest  level  of  the  undermined 
area  (Fig.  41).  Close  the  wound  with 
interrupted  silkworm-gut  sutures  and  ad- 
just the  intervening  skin  edges  with  fine 
silk  sutures.  If  the  vitality  of  the  skin  is 
impaired  by  the  tension,  score  it  with  the 
knife.  Tuck  the  skin  well  up  into  the 
axilla  and  hold  it  in  this  position  by  a 
soft  pad.  If  the  clavicular  fibers  of  the 
pectoralis  major  have  been  removed,  a 
soft  pad  should  be  placed  just  below  the 
clavicle  to  obliterate  a  potential  serum- 
collecting  space,  by  forcing  the  skin 
against  the  chest  and  clavicle.  Use  a  gen- 
erous dressing  and  secure  with  a  bandage 
or  a  breast  binder.  The  arm  is  kept  by 
the  side,  the  forearm  flexed  across  the 
chest  and  supported  by  a  sling.  Return 
the  patient  to  bed  and  keep  in  a  semi- 
sitting  posture  with  the  knees  flexed. 
This  relieves  the  tension  on  the  flaps,  pro- 
vides good  drainage,  and  helps  to  prevent 
lung  complications. 

The  position  of  the  arm  by  the  side, 
with  the  forearm  supported  across  the 
chest,  is  superior  to  the  abduction  of  the 
arm.  The  side  position  relieves  tension 
on  the  flaps ;  obliterates  the  dead  spaces, 
where  serum  might  collect;  lessens  the 

possibilities  of  scar-tissue  formation  between  the  under  surface  of  the  skin  and 
the  chest  wall,  and  yields  a  mobile  scar.  After  an  extended  trial  of  the  abducted 
and  semi-abducted  arm  position,  we  are  convinced  that  the  anatomical  and  func- 
tional results  obtained  by  this  method  are  inferior  to  those  in  which  the  arm  is 
kept  by  the  side.  We  believe  with  Morestin  that  healthy  tissue  does  not  retract. 


FIG.  41. — COMPLETED  OPERATION  FOR  BREAST 
CANCER.  Shaded  area  shows  the  extent 
of  deep  fascia  removed;  dotted  area  the 
undermining  necessary  for  the  mobilization 
of  the  skin.  Note  that  undermining  extends 
upward  on  the  neck  and  downward  to  the 
abdomen. 
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If  the  sound  tissues  can  he  brought  together  M  i-l.^-lv  that  scar  tissue  cannot 
form,  the  wound  will  heal  with  hut  little  retraction  anil  n  n-t<-h 

readily  of  itself  or  can  be  made  to  stretch  by  appropriate  exen-iset. 

COMMENT.— During  the  operation  the  skin  edges  >h..iild  be  protected  from 

unnecessary  trauma  and  wrapped   in   h..t   towi-l.,   \,,  nutrition 

and  prevent  the  possibility  of  future   ul.-eration.      If  the  .-kin   wound  <-aiin.,t 
be  completely  closed,  the  raw  area  is  to  be  covered  with  Thiersch  ski 
such  a  condition  rarely  arises,  however,   where  an  extensive   removal   of  tin- 
deep  fascia  has  been  performed.     Plastic  flaps  fn,m  tin-  back  an-  employed  to 


FIG.  42. — AUTOPLASTIC  OPERATION.     Payr's  method. 

cover  large  skin  areas.  Since  Verneuil,  in  1858,  devised  his  aiitnplastir  "pera- 
tion,  numerous  methods  of  swinging  over  the  sound  breast  to  cover  the  defect 
have  been  proposed.  The  best  of  these  procedure  Thi> 

is  an  improvement  on  the  so-called  cyclops  operation,  where  the  transplanted 
breast  was  placed  over  the  middle  of  the  sternum. 

The  amount  of  deep  fascia  to  be  removed  varies  with  the  position  of  the  growth. 
If  the  growth  is  in  the  sternal  margin,  one-half  of  the  detp  fascia  beneath  the 
opposite  breast  is  excised ;  if  at  the  lower  margin,  the  deep  fascia  to  the  umbilicus ; 
if  in  the  axillary  tail,  the  fascia  over  the  deltoid  well  back  on  the  latissimus 
dorsi.  If  the  tumor  is  in  the  periphery  of  the  upper  hemisphere,  the  supraclavicu- 
lar  fossa  should  always  be  explored.  According  to  Rodman,  Ilalsted  and  his 
pupils  are  removing  the  glands  of  the  neck  less  frequently,  while  other  Amer- 
ican surgeons  are  operating  on  the  neck  in  an  increasinir  number  of  cases. 
The  removal  of  the  glands  is  indicated  if  there  is  a  noticeable  enlargement  of 
the  supraclavicular  glands,  an  enlargement  of  the  snhelavian  glands,  or  without 
an  enlargement  of  the  supraclavicular  glands  in  all  peripheral  tumors  of  the 
upper  hemisphere. 

The  partial  removal  and  plastic  repair  of  the  pectoral  muscles  yield  no 
improvement  in  the  mobility  of  the  arm  and  are  unsound  surgical  procedures. 
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Restriction  of  the  movements  of  the  arm  is  not  caused  by  the  removal  of  the 
muscles,  but  by  the  limitation  of  the  cicatrix.  The  worst  results  from  the 
functional  standpoint  that  we  have  yet  seen  have  occurred  in  cases  in  which 
plastic  partial  resections  of  the  muscles  have  been  performed. 

In  addition  to  the  operative  treatment,  Keating-Hart  employs  figuration. 
The  radical  operation,  with  a  macroscopical  removal  of  the  disease,  is 
first  performed  and  the  whole  raw  operative  area  is  then  subjected  to  powerful 
sparking  with  the  high-frequency  current.  In  this  way  the  microscopical 
disease  is  destroyed  by  cauterization  and  according  to  Keating-Hart  the  soil 
upon  which  the  cancer  cells  thrive  becomes  altered  to  one  that  is  antagonistic 
to  their  growth.  The  method  is  yet  too  new  to  pass  judgment  upon.  In  the 
late  cases  it  seems  to  relieve  pain,  check  hemorrhage,  and  stimulate  the  growth 
of  granulations  and  epithelium.  The  original  claim  for  this  operation  that  it 
would  prevent  recurrences  has  not  been  substantiated. 

ACTUAL  CAUTEEY. — If  the  slightest  suspicion  is  entertained  about  the 
thoroughness  of  the  removal,  the  actual  cautery  should  be  lightly  passed  over 
the  doubtful  area.  The  cautery  destroys  the  neglected  cancer  cells,  sears  up 
the  open-mouthed  blood-vessels  and  lymphatics,  thus  reducing  the  risks  of 
future  dissemination. 

After-treatment. — The  immediate  general  treatment  is  that  of  any  opera- 
tion of  similar  magnitude.  The  patients  after  3  to  4  days  are  often  more 
comfortable  in  a  reclining  chair  than  in  bed.  Elderly  people,  patients  with 
bronchitis,  emphysema,  etc.,  should  be  encouraged  to  sit  up  as  soon  as  pos- 
sible. The  dressing  is  to  be  changed  at  the  end  of  24,  48,  or  72  hours,  and  the 
drainage  tubes  removed  or  shortened  according  to  circumstances.  Owing  to  the 
division  of  the  main  lymphatics  at  the  apex  of  the  axilla,  the  escape  of  lymph 
may  take  place  for  several  days.  If  it  becomes  excessive,  place  a  pad  over  the 
infraclavicular  region  and  in  the  apex  of  the  axilla.  This  complication  fol- 
lows more  frequently  if  the  arm  is  held  in  the  abducted  position,  less  fre- 
quently if  the  skin  is  well  tucked  up  in  the  axilla  and  the  arm  kept  by  the 
side.  The  tension  sutures  under  favorable  conditions  are  removed  the  fifth  or 
sixth  day,  the  remaining  sutures  on  the  seventh  or  eighth  day.  Primary 
union  will  be  obtained  in  from  7  to  10  days.  Delays  may  be  encountered  by 
collections  of  serum  under  the  flaps,  by  necrosis  and  by  ulceration  of  the  skin 
edges.  Such  dry,  tough,  necrotic  skin  sloughs  slowly ;  if  the  resulting  granu- 
lating area  warrants  it,  skin-grafting  should  be  employed,  thereby  shortening 
the  time  of  wound  healing.  We  emphasize  the  importance  of  early  systematic 
exercises  in  the  obtaining  of  good  functional  results.  The  following  plan 
adopted  from  Leafs  "Cancer  of  the  Breast"  (24)  has  been  used,  and  found 
most  admirable: 

"In  order  to  prevent  stiffness  of  the  arm  and  shoulder,  gentle  movements  should 
be  commenced  at  an  early  date.  Flexion  and  extension  of  the  fingers  and  wrist  may 
be  commenced  on  the  third  or  fourth  day,  and  of  the  elbow  on  about  the  sixth  or  sev- 
enth day.  If  there  is  no  undue  tension  on  the  wound,  the  arm  may  be  gently  raised 
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from  the  side  of  the  chest  once  or  twice  a  day  at  the  end  of  the  first  week.  When 
the  incisions  have  soundly  healed,  the  patient  should  do  th«-  following  exercises  for 
ten  minutes  daily:  Both  arms  should  be  stretch,-,!  out  at  riirht  angles  to  the  body 
with  the  palms  directed  downward  and  should  thru,  by  a  series  of  oscillatory  move- 
ments, be  raised  to  a  higher  level.  These  mov,-,n,-,,t,  .,|,,,,,M.  if  |*,.,.,ibl«..  be  carried  out 
before  a  mirror  in  order  that  the  patient  can  be  certain  that  h«-r  l.urk  is  kept  straight 
and  that  both  arms  are  at  the  same  level.  In  addition  to  removing  stiffness,  this 
exercise  helps  to  develop  the  deltoid  muscle  which  always  becomes  more  or  less  flabb 
after  the  operation. 

"Another  exercise  which  is  extremely  useful  consists  in  facing  a  wall  or  door  and 
moving  both  hands  up  as  high  as  possible,  making  a  mark  each  day  to  show  the  level 
to  which  the  hand  on  the  affected  side  has  been  raised.  In  these'  exercises  both  hands 
and  arms  should  always  be  used,  for  the  muscles  of  the  affected  side  are  encouraged  to 
work  more  efficiently  if  the  corresponding  muscles  of  the  healthy  side  are  put  into 
action  at  the  same  time.  The  rapidity  with  which  free  mobility  r.  turns  after  opera- 
tion naturally  varies  very  much.  Nearly  all  my  patients  have  been  able  to  raise  the 
hand  to  the  back  of  the  head  some  two  months  after  operation.  In  many  of  the 
cases  where  movement  is  limited,  this  is  not  brought  about  by  the  scar  tissue  formed 
after  the  operation,  but  is  the  result  of  stiffness  in  the  sln.uM.-r  joint;  hence, 
the  importance  of  early  movements  unless  there  is  some  special  reason  to  the 
contrary." 

The  pain  and  tenderness  in  the  scar  and  its  surroundings  vary  greatly.  Of 
necessity  there  will  be  areas  of  anesthesia,  and  with  the  return  of  sensation 
there  will  be  various  manifestations  such  as  prickling,  shooting  pains,  etc. 
To  prevent  unnecessary  alarm,  all  these  possibilities  are  to  be  explained  to  the 
patient.  The  scar  remains  tender  for  some  time  and  should  be  protected  by 
a  pad  of  well-powdered  soft  linen.  Excellent  light-weight  models  of  the  breast 
are  now  made  in  silk  buckram. 

PEOPHYLACTIC  TKEATMENT  OF  OPERATED  AREA  BY  X-RAY  EXPOSURE 
COMBINED  WITH  THE  ADMINISTRATION  OF  THYROID  EXTRACT.  —  T  h  r  e  e  to 
4  weeks  after  the  operation  a  short  course  of  bi-weekly  X-ray  exposures  is 
begun  and  continued  for  a  period  of  3  weeks,  the  rays  being  applied  from  as 
many  directions  as  possible,  the  exposed  skin  always  being  protected  by  the 
necessary  filters.  On  the  theory  that  X-rays  diminish  the  activity  of  the 
thyroid  gland,  small  doses  of  thyroid  extract  are  administered.  As  a  routine, 
we  subject  our  operative  cases  to  X-ray  treatment  on  the  ground  that  in  recur- 
rences radiotherapy  has  accomplished  more  than  any  other  known  method, 
and  every  precaution  should  be  taken  to  -prevent  the  possibility  of  local  recur- 
rences. Radium  seems  to  possess  no  advantages  over  the  X-ray.  As  supple- 
mentary measures  in  the  treatment,  good  food,  fresh  air,  sunlight,  and  suitable 
tonics  are  to  be  employed.  The  use  of  the  sera  of  Hodenpyl,  Doyen,  etc.,  is 
not  to  be  advised. 

Dangers  and  Complications.  —  MORTALITY.  —  Considering  the  size  of  the 
wound  and  the  severity  of  the  operation,  the  mortality  rate  is  surprisingly 
low.  According  to  Rodman,  in  2,133  operations  collected  from  the  practice  of 
21  American  surgeons  between  1893  and  1903,  the  death-rate  was  less  than 
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1  per  cent.  In  960  cases  reported  before  the  American  Surgical  Association 
in  1907  the  operative  mortality  was  2.07  per  cent.  These  operations  were  all 
radical  operations  and  in  a  fair  proportion  a  neck  dissection  had  been  car- 
ried out.  In  708  cases  operated  on  in  the  Mayo  Clinic  from  January  1,  1890, 
to  November  1,  1911,  there  were  3  deaths,  .42  per  cent.  The  reported  causes 
of  death  in  the  above  lists  have  been  shock,  hemorrhage,  bronchitis,  pneumonia, 
and  pulmonary  embolism. 

COMPLICATIONS. — The  following  postoperative  complications  may  occur: 
Persistent  neuralgia  due  to  the  overstretching  of  the  nerve  trunks,  to  the 
operative  trauma,  to  the  imprisonment  of  nerves  in  scar  tissue,  or  to  recurrences 
along  the  courses  of  nerves  or  in  the  spinal  cord.  Damage  to  the  axillary 
vessels  requiring  ligation  or  suture  has  occurred.  Eesection  of  a  portion  of 
the  vein  has  been  required  for  adherent  glands.  Varying  degrees  of  edema 
of  the  arm  are  encountered  during  different  periods  of  convalescence,  transi- 
tory edema  occurring  in  about  15  to  20  per  cent,  of  the  cases,  permanent  edema 
in  from  5  to  10  per  cent.  The  swelling  in  the  arm  may  be  due  to  a  recurrent 
growth  pressing  upon  or  obstructing  the  lymphatic  channels ;  it  may  be  purely 
mechanical,  arising  from  operative  interference  with  the  venous  or  lymphatic 
circulation;  or  it  may  be  due  to  the  pressure  of  an  axillary  scar.  If  due  to 
injury  of  the  venous  return  flow,  a  "brawny  arm"  may  develop.  In  the 
lymphatic  variety  the  edema  reaches  its  maximum  in  from  4  to  6  weeks  and 
then  gradually  declines  until  the  arm  almost  reaches  the  normal,  or  it  may 
persist  in  a  mild  degree.  This  simple  variety  should  be  watched  for  and 
treated.  Exercise,  hard  work,  etc.,  are  prohibited.  The  return  lymph  cir- 
culation should  be  aided  by  the  application  of  an  "Ideal"  bandage;  during 
the  day  the  arm  is  supported  in  a  sling,  at  night  on  pillows.  Gentle  massage, 
hot-air  douching  and  static  electricity  are  valuable  aids  in  treating  this  con- 
dition. In  the  severe  forms  of  edema  Handley's  lymphangioplasty  may  be 
applied. 

Hundley's  lymphangioplasty  consists  in  the  insertion  in  the  subcutaneous 
tissue  of  strands  of  silk  that  are  to  form  a  system  of  capillary  drains  for 
the  lymph  (see  Lymphatics). 

RESTRICTIONS  OF  MOVEMENTS  OF  THE  ARM. — Eestrictions  of  movements 
of  the  arm  may  be  due  to  formation  of  joint  and  muscular  adhesions,  limita- 
tion of  the  cicatrix,  or  damage  to  the  nerve  trunks.  The  first  can  be  prevented 
by  the  proper  after-treatment,  the  second  by  correct  planning  of  the  incision. 
The  scar  should  avoid  the  anterior  border  of  the  axilla  (Handley's 
operation),  or  if  it  extends  to  the  arm,  this  portion  should  run  in  the  long 
axis  of  the  arm  (Jackson's  operation),  or  the  incision  should  not  en- 
croach on  the  arm  but  should  be  confined  to  the  chest  (Kodman's  operation). 
The  aim  in  closing  the  wound  should  be  to  produce  a  sinuous  or  a  triradiate  scar 
in  order  to  break  the  force  and  avoid  the  direct  pull  that  occurs  in  a  straight 
cicatrix.  Restricting  cicatrices  are  to  be  mobilized  by  systematic  exercises 
and  massage.  In  the  severe  cases  an  operative  revision  of  the  scar  will  be 
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necessary.     Damage  to  tin-  nerve  trunk-  U  to  be  subjected  t«»  suitable  cN 
treatment. 

Results  of  the  Radical  Operation.— We  believe  with  Rodman  that  "forgery 
should  cure  one-half  of  all  cases  provided  that  they  can  be  subjected  to  the  com- 
plete operation  early  in  the  course  of  the  disease."  A  :  the* 
operative  cures  is  rendered  extremely  ditlienlt  by  the  dr.-  t'  i-.nuli- 
tions  and  associated  circumstanoef  under  whieh  the  radical  operation  is 
performed.  The  accuracy  of  the  reported  result-  mu.-t  of  necessity  be  prob- 
lematic, as  there  is  no  other  criterion  of  an  absolute  cure  than  a  thorough 
post-mortem  examination,  which  is  rare,  while  a  complete  post-mortem 
animation,  with  a  minute  examination  of  the  osseous  system,  is  still  more 
rare.  Cases  not  operated  on  live  from  20  to  28  months,  the  extreme.-  Uing  2 
months  and  20  years.  As  a  convenient  standard  Yolkmaim'-  limit  of 
freedom  from  recurrences  is  used.  The  fallacy  of  this  arbitrary  standard  can 
be  seen  when  .we  consider  that  Ransohoff  reported  37  cases  with  recurrences 
appearing  7  years  or  more  after  the  first  operation,  and  <>n<  ears  and 
11  months  after.  The  supposed  general  cures  measured  by  the  '{-year  standard 
will  be  obtained  in  from  40  to  57  per  cent,  of  the  cases.  Of  this  number  17 
per  cent,  to  20  per  cent,  will  later  succumb  to  local  or  general  inetastases. 

Local  cures  measured  by  the  same  3-year  limit  will  show  from  50  to  60 
per  cent,  cures.     In  the  complete  operation  local  recurrences  occur  in  6  t 
per  cent,  of  the  cases  and  the  majority  of  them  appear  within  ti  months,  about 
5  per  cent,  after  the  third  year. 

General  metastases  occur  in  from  15  to  20  per  cent,  of  all  cases;  in  from 
4  to  6  per  cent,  of  the  cases  they  occur  early  without  local  recurrences.  The 
following  conditions  influence  the  prognosis  of  the  individual  case: 

1.  The  age  of  the  patient.     The  older  the  patient,  provided  she  stands 
the  shock  of  the  operation,  the  better  will  be  the  end  result  from  the  >tand- 
point  of  a  cure. 

2.  The  duration  of  the  growth.     The  prognosis  is  good  in  early  stages 
of  carcinoma   of  the  breast  and  bad  when  axillary  involvement  is  present 
(66%  per  cent,  of  the  former  are  cured;  66%  per  cent,  of  the  lar 

3.  The  malignancy  of  the  tumor.     The  best  results  are  obtained  in  col- 
loid, 66  to  80  per  cent,  cures;  adenocarcinoma,  50  to  75  per  cent;  Pagers 
disease,  12.5  to  20  per  cent. ;  scirrhus,  23  to  40  per  cent. ;  and  lastly,  in  medul- 
lary carcinoma,  16  to  48  per  cent.    As  a  general  rule,  the  cancers  showing  the 
least  anaplasia  give  the  best  results. 

4.  Adherence  to  the  skin   renders  the  prognosis  unfavorable.      Ilalsted 
reports  in  110  cases  with  axillary  involvement  and  negative  neck   24.5  per 
cent,  of  cures,  70  per  cent,  of  cases  without  demonstrable  glandular  involvement 
as  cured,  and  80  per  cent,  free  from  recurrences  at  the  end  of  3  years. 

Treatment  of  Local  Recurrences.— The  only  contra- indications  for  opera- 
tions on  recurrences  are  those  which  would  bar  the  primary  radical  operation. 
Enough  cases  are  now  on  record  to  show  not  only  that  life  may  be  prolonged 
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by  operating  on  recurrences,  but  that  apparent  permanent  cures  have  been 
obtained.  Greig  reports  a  case  which  had  been  operated  on  6  times  during  a 
period  of  30  years.  In  the  cases  of  nodular  recurrences  in  the  skin,  where  the 
deep  fascia  and  all  other  lymphatic  paths  have  been  excised,  we  can  look  on 
the  recurrence  as  a  collection  of  isolated  cancer  cells  that  have  been  left  be- 
hind in  the  original  operation.  A  wide  excision  should  be  immediately  made 
with  the  actual  cautery  or  with  the  knife  and  the  actual  cautery,  or  fulgura- 
tion  applied.  If  the  recurrences  are  numerous,  subject  the  patient  to  an  en- 
ergetic course  of  X-ray  or  radium  treatment.  Recurrences  among  the  scapular 
muscles  arise  in  the  lymph  glands  and  vessels  which  accompany  the  subscapu- 
lar  and  circumflex  vessels.  Such  recurrences  are  hard  to  deal  with  and  may 
necessitate  an  interscapulothoracic  amputation.  Recurrence  in  the  opposite 
breast  or  axilla  should  be  treated  by  a  radical  operation.  The  clinical  outlook 
for  prolongation  of  life  in  these  cases  is  far  more  hopeful  than  would  be  ex- 
pected. In  three  such  cases,  one  patient  lived  3  years,  one  3%  years,  and  the 
other  was  still  living  7  years  after  the  second  operation. 

TREATMENT  OF  INOPERABLE  CARCINOMA 

The  treatment  is  both  general  and  local. 

The  General  Treatment. — The  fallacies  in  the  therapeutics  of  cancer  have 
been  well  put  by  Handley: 

"The  progress  of  a  cancer  is  normally  accompanied  by  retrogressive  or  curative 
processes.  It  is  not  surprising,  therefore,  that  occasionally  visible  nodules  or  even  the 
primary  growth  may  undergo  complete  fibrosis.  In  such  cases  of  partial  cure  the 
appearance  of  fresh  metastases  elsewhere  soon  shatters  the  false  hopes  which  have  been 
raised.  A  happy  ignorance  of  this  aspect  of  the  natural  history  of  carcinoma  has  not 
infrequently  enabled  the  discoverer  of  a  medicinal  cure  for  cancer  to  maintain  a  sin- 
cere faith  in  his  remedy  for  some  considerable  time.  The  natural  regressive  processes 
which  in  untreated  cases  usually  pass  unobserved  are  ascribed  to  the  action  of  the 
remedy." 

Sufficient  time  has  now  elapsed  to  show  the  worthlessness  of  Doyen's, 
Hodenpyl's,  and  other  allied  sera,  and  the  uselessness  of  the  injection  of 
selenium,  colloid  copper,  trypsin,  etc. 

Oophorectomy. — Beatson  of  Glasgow  (4)  advocated  oophorectomy  as  a  treat- 
ment for  inoperable  carcinoma,  basing  it  on  the  fact  that  a  double  oophorectomy, 
by  causing  a  hastening  of  the  menopause,  would  consequently  bring  about 
an  atrophy  of  the  breast.  Many  cases  have  been  reported  as  improved, 
and  a  few  cures  are  claimed.  We  have  had  the  opportunity  to  observe  the 
results  in  a  small  number  of  cases,  and  in  2  cases  a  temporary  benefit  was 
noted.  The  best  results  are  claimed  in  patients  under  50  years  of  age. 

Local  Treatment. — The  local  treatment  consists  in  palliative  operations, 
the  use  of  radium,  X-rays,  fulguration,  and  local  applications;  in  sarcomata 
the  use  of  Coley's  toxins. 
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PALLIATIVE  OPERATIONS.— In  our  experience  the  palliative  operations 

have  given  distressing  results  and  we  n-trirt  them  to  those  cases  in  which  tin- 
presence  of  a  foul-smelling  painful  ulcer  is  a  source  of  mental  and  physical 
suffering.  The  radical  amputation  is  the  best  palliative  operation.  Tl 
tense  pain  caused  by  the  cancerous  involvement  of  the  braehiul  plexus  may 
require  an  interscapulothoracic  amputation  and  a  division  of  the  posterior 
nerve  roots.  With  the  same  nhjeet  in  view,  the  jx.sterinr  roots  of  the  sacral 
nerves  have  been  divided  to  relievo  the  pain  raiiH-d  h\  recurrences  involving 
the  great  sciatic.  Division  of  the  antemlateral  columns  of  the  Hpinal  cord  has 
been  advised  and  practiced  for  persistent  pain  in  the  I«»w<  litiea  by 

Spiller  and  Martin. 

Carcinomatous  hydrothorax  is  to  be  treated  by  repeated  aspirations;  Injilrn- 
peritoneum  by  repeated  tappings.  Patients  who  have  developed  hydrnthorax 
live  but  a  short  time.  On  the  other  hand,  those  with  hydropentODeum  live 
longer.  The  clinical  conditions  known  as  "brawny  arm"  may  become  so  ag- 
gravated that  an  interscapulothoracic  operation  will  have  to  be  performed. 

TREATMENT  BY  EADIUM  AND  X-RAY.— For  the  technical  application 
and  a  fuller  discussion  the  reader  is  referred  to  Chapter  XVIII,  V»»lui 
In  a  certain  number  of  inoperable  cases  treated  with  X-ray  the  pain  is  relieved 
and  there  is  an  apparent  decrease  in  the  size  of  the  tumor,  with  a  general  im- 
provement in  the  patient's  condition.  In  other  cases  the  growth  is  markedly 
stimulated  and  the  disease  runs  a  rapid  course.  In  a  third  class  of  cases  the 
patients  seem  to  suffer  from  marked  toxic  absorption  symptoms  caused  by  a 
breaking  down  of  the  tissues.  The  same  phenomena  have  been  noticed  in  the 
use  of  radium.  Overdosage  with  this  agent  may  cause  marked  local  destruc- 
tion of  the  tissue  with  intense  toxic  absorption  symptoms  and  death. 

LOCAL  APPLICATIONS. — Of  the  local  applications  for  ulcerating  carcino- 
mata  we  have  had  the  best  results  from  acetone  and  formalin. 

ACETONE. — Acetone  is  a  powerful,  penetrating,  dehydrating  agent  causing 
the  tissues  to  dry  up,  thus  checking  bacterial  activity.  On  the  unprotected 
skin  it  is  extremely  painful,  but,  if  properly  confined  to  the  ulcerated  area,  only 
slight  pain  is  experienced.  Scrape  away  as  much  of  the  ulcerating  surface  as 
possible,  smear  the  surrounding  skin  surface  with  a  thick  coat  of  vaselin,  con- 
fine the  acetone  solution  to  the  ulcerated  surface,  and  leave  it  in  contact  for  15 
minutes.  Eemove  the  excess  and  pack  the  wound  with  gauze  wrung  out  in 
acetone.  This  dressing  is  left  in  place  for  24  hours.  The  acetone  is  applied 
every  5  to  7  days,  according  to  the  reaction  and  the  condition  of  the  wound. 

FORMALIN. — The  use  of  formalin  (liquor  formaldehyd)  has  been  advo- 
cated by  Stewart,  of  Minneapolis.  A  40  per  cent,  solution  of  formaldeh; 
freely  applied  to  the  ulcerated  surface  and  left  in  contact  for  1  minute.  It 
is  then  neutralized  by  an  abundant  solution  of  hydrogen  peroxid.  In  ulcerating 
carcinoma  it  checks  discharge,  odor,  and  causes  little  or  no  pain.  It  is  espe- 
cially valuable  in  fungating  sarcoma. 

FULGURATION    (KEATING-HART). — See  page  668. 
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Inoperable  sarcoma  should  be  treated  with  Coley's  mixed  toxins.  In  sar- 
comata both  the  radium  and  the  X-ray  give  better  results  than  they  do  in 
carcinoma. 

TREATMENT  OF  SPONTANEOUS  FRACTURES 

These  are  caused  by  the  replacement  of  the  bony  tissue  by  new  growths. 
Any  of  the  long  bones  with  the  exception  of  those  below  the  knee  and  elbow 
may  be  involved.  The  fracture  may  be  the  first  symptom  to  call  attention 
to  the  presence  of  a  bony  metastasis.  Complaints  of  rheumatism,  pains  in  the 
bones,  etc.,  in  patients  with  carcinoma  of  the  breast,  especially  those  with 
cutaneous  nodules,  call  for  careful  X-ray  study  of  the  bones.  The  most  com- 
mon sites  of  fracture  are  the  upper  end  of  the  femur  and  the  middle  of  the 
humerus.  The  pain  resulting  from  spontaneous  fractures  is  not  often  severe. 
Bony  union  being  possible,  the  fracture  should  be  treated  according  to  general 
surgical  principles. 
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CHAPTER    XIV 

THE   SURGICAL    TREATMENT   OF   DISEASES   OF   THE   SPINAL   OORD   AND 

MENINGES 

CHARLES  A.  ELSBERO 


LUMBAR    PUNCTURE 

Puncture  of  the  spinal  canal  for  diagnostic  and  therapeutic  purposes  is 
founded  upon  the  researches  of  Quincke  (1872).  of  Corning,  and  of  August 
Bier.  The  operation  is  based  upon  the  physiological  fact  that  cerebrospinal 
fluid  circulates  in  the  entire  subarachnoid  space  of  the  brain  and  spinal  cord, 
and  upon  the  anatomical  facts  (1)  that  the  lower  end  of  the  spinal  cord  extends 
only  to  the  first  or  second  lumbar  vertebra,  while  the  spinal  canal  with  its 
meningeal  lining  extends  down  to  the  sacrococcygeal  openings;  and  (2)  that 
the  bony  wall  of  the  spinal  canal  is  not  a  complete  one,  so  that  spaces  remain 
between  the  arches  of  the  vertebrae  through  which  a  needle  can  be  passed  into 
the  spinal  canal  and  subarachnoid  space. 

Lumbar  puncture  is  done  either,  for  diagnostic  or  for  therapeutic  purposes. 
In  the  first  case,  the  object  is  to  obtain  cerebrospinal  fluid  for  examination, 
for  the  presence  or  absence  of  normal  and  abnormal  constituents  (Wassermann 
test,  increase  of  cells  and  globulins,  presence  or  absence  of  bacteria,  presence 
of  blood  in  fractures  of  the  skull  or  spine,  of  pus  cells  in  meningitis  and  brain 
abscess,  etc.).  The  determination  of  the  pressure  of  the  cerebrospinal  fluid  in 
the  canal  is  also  of  diagnostic  importance. 

The  normal  pressure,  according  to  Sahli,  is  between  5  and  7.3  mm.  of 
mercury  or  60  to  100  mm.  of  water.  Pathologically  the  pressure  of  the  cere- 
brospinal fluid  is  raised  in  a  large  number  of  diseases,  such  as  intracranial 
tumors,  abscesses,  hemorrhage,  meningitis  of  all  kinds,  etc.  It  may  reach  very 
high  figures — 300,  500,  or  even  1,000  mm.  of  water — the  highest  pressures 
being  found  in  serous  meningitis  and  in  brain  tumors. 

The  Therapeutic  Value  of  Lumbar  Puncture. — The  withdrawal  of  cerebro- 
spinal fluid  is  of  value  in  some  cases  of  posterior  basic  meningitis  in  children, 
but  it  is  of  greater  value  in  tuberculous  meningitis.  In  this  latter  disease  the 
fatal  outcome  is  usually  hastened  through  the  ventricular  distention,  and  if 
the  deleterious  effects  of  this  distention  are  overcome  by  repeated  lumbar  pur? 
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ture,  the  patient's  life  may  be  saved.     Undoubted  cases  of  cure  of  tuberculous 

meningitis  by  repeated  and  long-continued  punctures  are  on  record  (Freyhan, 

Neisser)  . 

Lumbar  puncture  is   sometimes  useful  in  mild  chronic  hydrocephalus  in 

childhood,  but  better  results  can  be  obtained  in  this  condition  by  means  of 

puncture  of  the  corpus  cal- 
losum  (q.  v.).  It  is  also  an 
aid  in  the  treatment  of  in- 
crease of  intracranial  pressure 
due  to  expanding  lesions  of  the 
brain,  such  as  brain  tumor  and 
abscess,  excepting  where  the 
disease  is  located  in  the  pos- 
terior cranial  fossa.  Lumbar 
puncture  is  also  used  for  the 
injection  of  drugs  into  the 
spinal  canal,  Flexner  serum 
in  epidemic  cerebrospinal  men- 
ingitis, magnesium  sulphate 
(Meltzer)  and  antitoxin  in 
tetanus,  cocain,  tropacocain, 
stovain,  etc.,  for  spinal  anes- 
thesia. 

Site  of  Puncture,  —  The 
spaces  between  the  third  and 
fourth  and  fourth  and  fifth 

]„      i,pT.    l™,'^     OVP    PQnPpinllv 

large,  and  the  puncture  is  usu- 
ally done  through  one  of  these  spaces,  although  in  some  instances  a  higher  level 
has  to  be  selected.  A  line  which  connects  the  highest  level  of  the  iliac  crests  will 
generally  cross  the  fourth  lumbar  vertebra,  and  the  favorite  site  for  the  intro- 
duction of  the  needle  is  just  above  this  level  (Fig.  1).  The  spaces  between  the 
laminse  are  largest  when  the 
spine  is  flexed,  i.  e.  when  the 
body  is  bent  forward.  Accord- 
ing to  Quincke,  the  distance 
from  the  skin  to  the  subarach- 
noid  space  in  the  lumbar  region 
is  usually  4  to  6  cm.,  but  in  fat 

or  muscular  individuals  it  may  be  anywhere  from  7  to  10  cm.,  and  the  needle 
will  have  to  be  inserted  to  that  depth  before  spinal  fluid  is  obtained. 

Instruments.  —  \7arious  needles  are  used  for  spinal  puncture,  but  I  prefer 
one  marked  off  in  centimeters,  whose  point  is  not  an  acute  -angle,  and  which 
contains  a  well-fitting  stilet  (Fig.  2).  The  needle  should  fit  a  syringe  by  a 
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FIG.   1.—  ANATOMY  OF  SPINAL  PUNCTURE.     (From  Kocher's 
Chirurgische  Operationslehre,  5th  Edition,  p.  61.) 


FIG.   2. — NEEDLE  FOR  LUMBAR  PUNCTURE. 
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sliding  not  a  screw,  joint,  and  the  syringe  >h«.uM  have  an  asbestos  packing,  ao 
that  it  can  be  boiled. 

Technic.— The  technic  of  spinal  puncture  is  simple.  The  patient  i*  placed 
on  his  side  near  the  edge  of  the  bed  or  operating  table  with  the  body  bent 
forward  and  the  thighs  and  legs  flexed,  or  he  may  be  >ej,ted  «,n  the  edge  of  the 
bed  or  table  with  the  body  bent  forward.  The  skin  i>  sterili/ed  (washing  with 
alcohol  and  painting  with  tincture  of  iodin),  and  the  f..urth  lumbar  spine 
located  on  a  level  with  the  highest  parts  of  the  iliac  crests.  Kither  in  the  median 
line  or  just  to  one  side  of  the  spinous  process  of  the  third  or  fourth  lumbar 
vertebra,  the  needle  armed  with  the  stilet  is  made  t.,  puncture  the  skin. 
Pointing  either  in  the  median  line  or  toward  it,  and  in  a  sli.irhtly  upward  <i 
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FIG.  3. — INTRODUCTION  OF  NEEDLE  FOR  LUMBAR  PUNCTURE  WITH  PATIENT  RECTMBEMT. 

tion,  the  needle  is  rapidly  pushed  forward  to  the  required  depth  (Figs.  3  and 
4).  The  operator  will  feel  the  resistance  of  the  fascia?  and  muscles  and,  if  a 
bony  obstruction  is  encountered,  the  direction  of  the  needle  will  have  to  be 
altered  a  little.  When  the  spinal  canal  has  been  entered,  the  stilet  is  with- 
drawn ;  the  fluid  will  escape  either  drop  by  drop  or  in  a  stream.  It  is  rare  that 
no  fluid  can  be  obtained;  this  usually  means  that  the  subarachnoid  space  has 
not  been  reached  and  that  the  needle  must  be  pushed  still  farther.  If  blood  ii 
obtained,  it  means  that  the  needle  has  injured  the  extradural  venous  plexuses; 
the  needle  should  be  withdrawn,  washed  out  with  sterile  water,  and  re- inserted. 
The  color  of  the  fluid  and  the  pressure  with  which  it  escapes  should  be  noted. 
Normal  fluid  is  clear  as  water  and  escapes  drop  1>\  .Imp  or  in  a  slow  stream. 
Various  methods  have  been  devised  to  measure  the  pressure  nf  the  fluid,  but  up 
to  the  present  time  the  practical  value  of  such  measurements  has  been  small. 
The  pressure  of  the  cerebrospinal  fluid  is  measured  by  means  of  a  manometer 
which  is  attached  to  the  needle  by  a  side  arm.  Various  needles  for  this  purpose 
have  been  described,  but  a  simple  apparatus  such  as  that  of  Quincke  will  give 
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perfectly  satisfactory  results  (Eig.  5).  Its  construction  will  be  understood 
from  the  accompanying  illustration.  The  pressure  of  the  fluid  is  read  off  on  a 
scale  which  is  held  by  the  side  of  the  glass  manometer  tube.  When  the  fluid  is 
to  be  allowed  to  escape,  the  tube  is  turned  down  so  that  the  fluid  can  run  out. 
For  examination,  5  to  10  c.  c.  of  the  fluid  should  be  allowed  to  run  into  a  sterile 
test  tube.  If  the  fluid  is  of  a  brown  or  yellow  color,  a  suspicion  of  old  bleeding 
or  of  a  spinal  neoplasm  is  justifiable. 

When  fluid  is  to  be  removed  for  the  relief  of  internal  hydrocephalus,  no 
more  than  20  to  50  c.  c.  should  be  allowed  to  escape  at  one  time.     A  similar 
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FIG.  4. — INTRODUCTION  OF  NEEDLE  FOR  LUMBAR  PUNCTURE,  WITH  PATIENT  IN  SITTING  POSITION. 

amount  should  be  withdrawn  every  few  days.  During  operations  upon  the 
brain,  when  there  is  very  great  intracranial  tension,  the  withdrawal  of  fluid  by 
lumbar  puncture  is  often  of  value. 

Injection  of  Drugs. — When  a  drug  is  to  be  injected  into  the  spinal  canal, 
as  much  cerebrospinal  fluid  should  be  allowed  to  escape  as  the  amount  of  solu- 
tion that  is  to  be  injected.  The  amount  of  serum  or  antitoxin  that  is  injected 
in  various  diseases  will,  of  course,  depend  upon  the  strength  of  the  solution 
used  and  the  age  of  the  patient.  For  spinal  anesthesia  the  substance  used  is 
generally  to  be  obtained  commercially  in  prepared  ampules,  often  combined 
with  adrenalin.  Cocain,  tropacocain  (Giesel),  novocain  (Einhorn),  and  sto- 


LUMBAR   PU\(M  i;i; 


681 


vain  (Fourneau)  have  all  been  used  with  success,  hut  tropacocain  and  stovain 
are  recommended  by  Bier.  The  dose  of  tropacocain  is  uUut  :,  eg.,  and  that 
of  stovam  5  to  6  eg.  for  an  adult.  Ampul,-*  which  contain  i>  c,  c.  of  a  5  per 
cent,  sterile  solution  are  on  the  market.  The  details  of  spinal  anesthesia  are 
considered  in  another  volume. 

After-effects.— Lumbar  puncture  is  a  slight  operation,  without  danger  if 
perfect  asepsis  be  observed.  Alter  the  withdrawal  of  even  small  quantities  of 
cerebrospinal  fluid,  the  patients  often  suffer  for  a  day  or  a  number  of  davs  from 


FIG.  5. — QUINCKE  NEEDLE  AND  SET  FOR  LUMBAR 

headache,  dizziness  when  they  sit  up,  nausea,  and  vomiting.    Occasionally  there 
may  be  syncope. 

The  headache  usually  appears  a  few  hours  after  the  lumbar  puncture  has 
been  done,  and  occurs  frequently  even  when  there  is  no  disease  of  the  nervous 
system  and  although  little  fluid  has  been  removed.  It  will  not  infrequently  per- 
sist for  a  number  of  days.  It  is  advisable  to  keep  the  patients  in  bed  f< 
hours  after  the  spinal  puncture,  as  the  headache  and  other  symptoms  will  disap- 
pear much  more  quickly  when  the  patient  remains  in  the  recumbent  position. 

The  symptoms  are  apt  to  be  especially  severe  in  patients  with  an  intracra- 
nial  neoplasm,  and  sudden  death  has  occurred  in  a  number  of  instances  within  a 
few  hours  of  the  lumbar  puncture.  We  should  remove  as  little  fluid  as  possible 
in  these  patients.  Lumbar  puncture  should  never  l>o  d«»iu»  wlitMi  there  are  symp- 
toms of  an  expanding  lesion  in  the  posterior  cranial  fossa  for  fear  of  sudden 
medullary  death.  Allard  has  collected  23  cases  of  death  within  21  hours  in 
cases  where  there  was  an  obstruction  of  the  iter  or  the  foramen  of  Magendie. 
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I  have  seen  the  symptoms  of  a  spinal  tumor  much  exaggerated  within  a  few  hours 
after  a  spinal  puncture  in  a  patient  who  before  had  presented  only  slight  signs  of  cord 
involvement,  and  soon  after  developed  a  complete  motor  and  sensory  paraplegia.  In  this 
patient  only  5  c.  c.  of  fluid  had  been  removed. 


LAMINECTOMY 

In  most  cases  in  which  the  spinal  canal  has  to  be  opened  the  exposure  should 
be  a  liberal  one.  Therefore,  the  operation  must  consist  of  a  wide  removal  of 
the  posterior  arches  of  several  vertebrae.  As  we  shall  see  later,  the  functions  of 
the  vertebral  column  are  almost  fully  recovered  after  the  complete  removal  of 
the  spinous  processes  and  laminae  of  a  number  of  vertebras.  According  to  my 

^ -  experience,  the  operation  of  hemilami- 

nectomy,  as  described  by  A.  S.  Taylor, 
has  only  a  very  limited  field  of  useful- 
ness, because  this  operation  does  not 
give  as  good  an  exposure  as  the  complete 
operation.  Osteoplastic  operations,  as 
described  by  Marion,  Cavicchia,  Bick- 
ham,  Urban,  and  others,  are  more  com- 
plicated and  bloody  than  those  in  which 
the  bone  is  removed;  they  are  also 
more  time-consuming,  and  do  not  give 
as  free  a  field.  In  the  following  I 
shall  describe  the  operation  of  complete 
laminectomy  as  I  am  accustomed  to  per- 
form it. 

Anatomy. — The  anatomy  of  the  spinal  column,  of  the  spinal  canal  and  its 
contents  should  be  carefully  studied  by  the  surgeon  who  desires  to  do  successful 
spinal  surgery.  The  following  are  some  of  the  most  important  features  of  the 
gross  anatomy:  The  spinous  processes  are  bifid  in  the  cervical  region,  are 
usually  fairly  thin  and  well  separated  from  each  other,  so  that  each  spinous 
process  can  be  removed  with  ease.  In  the  dorsal  region  the  spines  point  back- 
ward and  downward  and  gradually  increase  in  thickness;  they  overlap  each 
other  to  a  considerable  extent  in  the  upper  10  vertebrae.  The  lower  2  dorsal 
and  the  lumbar  spines  are  very  thick  and  short,  more  deeply  placed  between 
the  thick  paravertebral  muscles,  and  point  directly  backward. 

In  the  cervical  and  dorsal  vertebrae  (excepting  the  eleventh  and  twelfth 
dorsal)  the  laminae  overlap  each  other  from  above  downward,  so  that,  when 
the  laminae  are  removed  with  rongeur  forceps,  it  is  always  more  easy  to  work 
upward  than  downward. 

The  muscles  are  thickest  in  the  lower  dorsal  and  lumbar  regions,  but 
are  easily  freed  from  the  spines  and  laminae.  There  are  but  few  large 
blood-vessels  in  the  muscles;  the  largest  run  in  the  intermuscular  septa.  The 


FIG.  6. — CROSS-SECTION  OF  BACK  IN  CERVICAL 
REGION,  SHOWING  MUSCLES  AND  SPINAL 
CANAL.  Black  dots  indicate  location  of 
main  blood-vessels. 
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FIG.    7. — CROSS-SECTION   or   BACK    IN 
DORSAL.  REGION. 
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accompanying  figures  show  the  usual  location  of  the  largest  vessels  (Figa.  6, 

7,  and  8). 

The  ligamenta  subflava  are  very  thi.-k   in  the  lower  dorsal  and  lumbar 

regions.     Sometimes  they  are  torn  loose 

from  their  attachments  by  a  slight  trau- 

matism,  and  then  may  compress  the  cord 

beneath. 

In    the    cervical    and    upper    dorsal 

regions  the  dura  is  often  covered  by  a 

layer  of  adipose  tissue  several  millimeters 

in  thickness.     This  extradural  fat  layer 

has  been  mistaken  for  a  tumor. 

The  dura  mater  which  envelops  the 

cord  does  not  contain  any  blood-vessels  of 

a  size  sufficient  to  give  the  operator  any 

trouble,  but  between  the  anterior  surface 

of  the  dural  sac  and  the  posterior  sur- 
face of  the  bodies  of  the  vertebra)  lies  a 

plexus  of  veins.     Troublesome  bleeding 

may  occur  when  the  attempt  is  made  to 

separate  the  dural  sac  from  the  posterior 

surface  of  the  body  of  a  vertebra. 

The  pia  mater  closely  invests  the  cord,  while  the  arachnoid  is  separated 

from  the  pia  by  the  cerebrospinal  fluid,  so  that  one  may  with  justice  speak  of 

the  arachnoid  "sac,"  This  arachnoid  sac  lies  against  but  is  not  normally  ad- 
herent t«>  the  inner  surface  of 
the  dura  mater,  and  it  is 
usually  possible  to  incise  the 
dura  without  injuring  the 
arachnoid  sac.  Inside  the 
arachnoid  sac  is  seen  the 
spinal  cord. 

The  cord  is  held  in  place 
in  the  spinal  canal  by  the 
norve  roots  and  by  the  li^a 
mentuni  denticulntum.  The 
dentate  ligament  is  a  fibrous 
band  of  great  importance  for 
the  surgery  of  the  spinal 
cord.  Tt  is  derived  from  and 

attached  to  the  lateral  aspect  of  the  pia  mater  on  the  cord,  midway  between  the 

anterior  and  posterior  roots.     On  each  side  of  the  cord  the  ligament  extends 

from  the  foramen  magnum  to  the  level  of  the  first  lumbar  vertebra.     From  it> 

origin  from  the  cord  each  ligament  extends  outward  and  is  attached  to  the  inner 


FIG.  8. — CROSS-SECTION  OF  BACK  IN  LUMBAR  REGION. 
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surface  of  the  dura  by  numerous  dentations  or  slips  (Fig.  9).  It  is  due  to  this 
ligament  that  a  tumor  which  grows  on  the  anterolateral  or  posterolateral  aspect 
of  the  cord  will  press  upon  only  anterior  or  posterior  roots  for  a  long  time.  By 
means  of  the  dentate  ligament  the  cord  may  be  rotated  so  that  its  anterior  sur- 
face is  exposed.  For  this  purpose  1  or  2  slips  of  the  ligament  have  to  be  divided. 


FIG.  9. — SPINAL,  CORD  EXPOSED  TO  SHOW  THE  DENTATE  LIGAMENT.     On  the  left  side  the  posterior 
roots  are  divided  to  show  the  relations  of  the  ligament. 


The  dentate  ligament  ends  below,  at  the  level  of  .the  first  lumbar  vertebra, 
in  a  fork-shaped  extremity  (Elsberg),  upon  which  rests  the  first  lumbar  pos- 
terior root ;  the  fork  is  therefore  a  landmark  useful  to  identify  the  first  lumbar 
posterior  root  (Fig.  10). 

The  spinal  cord  ends  at  the  level  of  the  lower  border  of  the  body  of  the 
first  lumbar  vertebra.  The  cord  is  much  enlarged  in  the  cervical  and  him- 
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bar    regions— tho    cervical    and    Inn.l.ar    enlargement*,       In    the    removal    of 

the  laminae  m  tl-  ,,,ns  spe,ial  care  must  be  taken  that  the  cord  in  not 

pressed  upon. 

Position  of  the  Patient;  Anesthesia.  The  part  of  the  vertebral  column  to 
be  operated  upon  should  be  as  much  vent  rail  v  Hexed  as  possible,  BO  a*  to  sepa- 
rate the  spinous  processes  and  to  1,,-in-  tl.e,,,  near  to  th,-  Mirface  of  the  skin. 


FIG.  10. — THE  LOWER  END  OR  "FORK"  OF  THE  DENTATE  LIGAMENT. 

When  the  laminectomy  is  to  be  done  in  the  cervical  region,  the  patient  must  be 
in  the  same  position  as  in  a  suboccipital  craniotomy  ( q.  v.).  The  patient  must 
be  placed  flat  upon  the  abdomen  with  pillows  under  the  shoulders  so  that  the 
thorax  is  well  away  from  the  operating  table  and  respiration  is  not  interfered 
with.  The  head  must  rest  upon  an  extension  of  the  table  or  outrigger,  so  that 
the  head  can  be  flexed  upon  the  chest  (see  Fijr.  11).  1 1'  the  dorsal  vertebrae  are 
to  be  operated  upon,  the  patient  must  be  in  the  prone  position,  with  the  shoul- 
ders raised  from  the  table  by  means  of  pillows,  and  a  larire  Ixdster  under  the 
abdomen  so  that  the  dorsal  column  is  ventrally  flexed.  A  similar  position  is 
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useful  for  a  laminectomy  in  the  lowest  dorsal  and  lumbar  regions.  In  many 
instances,  however,  the  patient  can  be  placed  in  a  semiprone  position,  the  ab- 
domen and  chest  on  one  side  being  raised  from  the  table  by  pillows. 

The  prone  or  almost  prone  position  occupied  by  the  patient  upon  whom  a 


FIG.  11. — POSITIONS  OF  PATIENT  FOR  LAMINECTOMY. 


laminectomy  is  to  be  done  is  very  apt  to  make  the  giving  of  the  anesthesia 
difficult.  In  cervical  laminectomy  the  anesthetist  has  often  to  sit  underneath 
the  operating  table  so  as  to  be  out  of  the  way  of  the  operator  and  his  assistants. 
The  anesthesia  can  usually  be  made  more  easy  by  the  introduction  of  catheters 
into  the  nose,  or  still  better  by  means  of  intratracheal  insufflation  anesthesia. 
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During  the  past  year  I  have  usc.l  int  rat  radical  am-stlii-Hia  with  H)MT  for  many 
of  my  spinal  operations  and  can  rccnmmrnd  if  V«T\  highly.  The  anesthetist 
must  always  see  that  the  chest  wall  is  not  against  the 
operating  table,  so  that  respiration  is  not  interf* 
with.  In  operations  in  the  cervical  region  In-  must  also  bo 
careful  that  the  neck  of  the  patient  is  not  compressed  by 
the  edge  of  the  tahle  or  the  outrigger.  Ether  is  the  anes- 
thetic of  choice  for  a  spinal  operation.. 

Technic  of  Operation. — Tsually  at  least  3  vertebra? 
have  to  be  exposed,  and  often  5,  6,  or  7  lamina*  have  to 
be  removed  before  the  entire  spinal  lesion  is  exposed.  1 1 
is  always  better  to  take  away  an  arch  too  much  than  one 
too  little. 

The  skin  incision  should  be  made  in  the  median  line, 
its  center  over  the  middle  spinous  process  to  be  tak«-n 
away.  The  spinous  processes  that  are  to  be  removed 
should  always  be  determined  by  counting  from  below  up- 
ward and  from  above  downward.  In  this  way  w<- 
sure  that  the  proper  spines  have  been  marked  out.  The 
cutaneous  incision  should  divide  all  tissue  to  the  spims. 
Then  with  rapid  cuts  of  the  scalpel  the  fascia  and  muscles 
on  one  side  of  the  spines  and  lamina?  are  separated  from 
the  bone,  the  separation  being  accomplished  by  the  aid  of 
a  broad  elevator  (Fig.  12).  After  the  spines  and  lamina* 
are  well  exposed,  a  gauze  packing  is  inserted  on  the  one 
side  and  the  same  procedure  followed  on  the  other  side. 
The  bleeding  is  seldom  profuse,  rarely  requiring  the  use  of  artery  forceps,  and 
is  usually  entirely  controlled  by  the  packings.  It  is  advisable  to  wait  1  or  2 
minutes,  then  to  remove  the  packings  and  to  draw  the  wound  edges  apart  by 


FlO.  12. — PERIOflTCALEt*- 
VATORfl      FOE 


FIG.  13.— AUTOMATIC  RETRACTOR  USED  IN  THE  OPERATION  or  LAMINECTOMT. 
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FIG.  14. — VARIOUS  RONGEUB  FORCEPS  FOR  SPINAL  OPERATIONS.      A,  Horsley   spine  forceps;   B,  C, 
small  and  giant  rongeur;  D,  rongeur  useful  for  removing  overhanging  laminae. 

means  of  an  automatic  retractor  (Fig.  13).  The  retractor  not  only  controls 
all  bleeding,  but  gives  an  excellent  exposure  of  the  field  of  operation  and  saves 
one  assistant. 

The  interspinous  ligaments  are  now  divided  by  rapid  cuts  with  the  scalpel. 


FIG.  15. — VARIOUS  RONGEUR  FORCEPS  FOR  SPINAL  OPERATIONS. 
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With  a  large  rongeur  forceps  i  Fig,  140)  or  with  a  llonley  spine  forcepe  (Fig. 
14A),  the  spmous  processes  an-  removed  at  th.-ir  l,a>.-s.  Then  with  quirk  bites 
with  smaller  rongeurs,  of  which  several  nixes  and  type**  should  be  at  hand  (Figs. 
14B,  D  and  15),  the  laminae  are  removed  w«-ll  out  t.,  th,-ir  articulating  sur- 


FIG.    16. — LAMINECTOMY   (1).      The  first  step.     Incision  of  the  skin,  fascia  and  muscles  on  one  side 

of  the  spinous  processes. 

faces,  beginning  with  the  lowermost  ones  and  working  upward.  During  this 
procedure  great  care  must  be  taken  that  no  pressure  is  made  upon  the  dura 
underneath.  In  this  manner  the  dura  is  freely  exposed  over  the  desired  area. 
(Figs.  16,  17,  18,  19.)  In  the  cervical  and  dorsal  regions  the  dura  is  cov- 
ered by  a  thin  layer  of  adipose  tissue  which  has  to  be  excised  before  the  bluish 
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dura  is  exposed,  while  in  the  lumbar  region  the  thick  ligamenta  subflava  have 
to  be  excised  with  scissors  and  forceps. 

The  further  procedure  will  depend  upon  the  nature  of  the  affection  for 
which  the  laminectomy  has  been  performed. 

It  is  usually  necessary  to  pack  the  wound  with  gauze  wrung  out  in  hot 
saline  solution  for  a  few  minutes  in  order  to  control  the  little  oozing  of  blood 


FIG.  17. — LAMINECTOMY  (2).     The  division  of  the  interspinous  ligaments. 

from  the  divided  laminae ;  the  dura  should  never  be  incised  before  every  bit  of 
bleeding  has  been  controlled.  Then  the  operator  carefully  palpates  the  dura  if 
he  suspects  a  spinal  tumor,  and  looks  for  the  respiratory  and  cardiac  pulsations. 
When  the  dura  is  to  be  incised  the  operator  grasps  a  small  bit  of  dura  with 
fine  forceps,  and  passes  a  traction  suture  of  fine  silk  on  each  side  of  his  forceps. 
The  needle  should  pass  through  only  part  of  the  thickness  of  the  dura  so  as  to 
avoid  the  arachnoid  and  the  cord  beneath.  The  2  traction  sutures  are  now  held 
tense,  and  the  dura  carefully  incised  with  a  fine  scalpel.  If  this  is  skillfully 
done,  the  arachnoid  sac  will  not  be  injured;  it  is  distended  with  fluid,  within 
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which  lies  the  cord.    Th,  bcMo,,  ;„  ,|,,  ,|,,ra  j,  „„.,,  ,,,,      ^  ^ 

downward  by  means  of  a  groov.,1  director  a,,,|  -, ,,!,,,!.  :m,|  ,)„.  cdf.M  ^  tht>  j 
retracted  with  fine  2-pronSed  retract,,,..      ||1(.  f,,,,!,  ,    wi||  ,,         , 

upon  the  comhtions  present  or  tlif  utare  »f  tl,.-  opention  to  I-  patfofaM 
will  be  considered  under  the  various  sections  thai  ;,.,•  to  follow. 

The  dura  should  be  closed  by  means  of  a  fine  niin.in-  suture  of  .ilk  after 
all  oozmg  within  the  arachnoid  sac  hag  been  control!,-,!.     Tl,,-  automatic  re- 


FIG.  18. — LAMINECTOMY  (3).     The  removal  of  the  spinous  processes  with  giant  ronjceur  forceps. 

tractor  is  then  removed,  the  wound  washed  out  with  warm  saline  solution,  and 
the  muscles  united  by  interrupted  sutures  of  strong  catgut.  At  least  2  layers 
of  muscles  have  to  be  united,  and  sometimes  3  layers,  great  rare  IXMUJT  taken 
that  the  upper  and  lower  ends  of  the  wound  are  well  closed.  The  fascia!  edges 
are  then  approximated  with  chromic  cat«rut,  and  the  skin  with  silk  sutures.  A 
laminectomy  wound  should  never  be  drained.  A  largo,  firmly  fitting  dressing 
with  adhesive  plaster  straps  and  bandage  i^  then  applied.  The  pationt  should 
be  kept  flat  on  the  back  for  several  days  after  the  operation,  and  for  at  least  1 
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week  should  receive  full  doses  of  urotropin.     Unless  there  are  special  indica- 
tions for  it,  the  dressings  should  not  be  disturbed  for  T  to  10  days. 

Other  operative  methods  which  have  been  recommended  for  opening  the 
spinal  canal  have  either  been  of  the  type  of  osteoplastic  operation  devised  by 
Urban  and  Bickham,  in  which  a  flap  containing  skin,  muscle,  and  bone  is  made 
and  turned  to  one  side  or  upward;  or  the  operation  of  hemilaminectomy,  as 


FIG.  19. — LAMINECTOMY  (4).     The  laminae  have  been  removed  and  the  dura  exposed.     (Figs.  16  to  19 
are  modified  from  illustrations  in  Chirurg.  Operationslehre,  Bier-Braun-Kummel,  i.) 

recommended  especially  by  A.  S,  Taylor,  of  New  York.  The  osteoplastic 
methods  have  been  generally  discarded,  because  the  operations  are  more  bloody 
and  time-consuming  and  more  apt  to  be  followed  by  wound  complications.  In 
the  operation  of  hemilaminectomy  the  muscles  are  separated  from  the  spinous 
processes  and  laminae  on  only  one  side,  and  the  laminae  on  that  side  removed 
from  the  bases  of  the  spinous  processes  to  the  articulations  either  with  the  saw 
or  with  rongeurs.  Taylor  claims  that  almost  as  good  an  exposure  can  be  ob- 
tained through  a  hemilaminectomy  as  in  the  complete  laminectomy,  and  that 
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the  mechanics  of  the  spine  are  much  less  interfered  with.  Without  entering 
into  a  discussion  of  the  first.  «.t'  tin-  ~i  a.;  vantages  Claimed  for  bis  operation  by 
Taylor,  I  believe  that  the  second  claim  is  a  theoretical  one.  I  ahull  later  abow 
how  little  the  functions  of  the  spine  are  intertVn-d  with  (if  at  all)  by  even  an 
extensive  larainectomy,  and  I  believe  that  a  hemiluinincctomy  is  rarely  indi 
cated. 

Dangers  and  Difficulties  of  the  Operation.  In  the  cervical  and  upper  dorsal 
regions  the  operation  is  never  ditlicnlt,  while  in  the  .1  lumbar 

regions,  where  the  vertebral  arches  are  much  thicker  an<l  more  deeply  placed, 
considerable  rongeuring  may  be  necessary  before  a  good  exposure  of  the  spinal 
canal  and  its  contents  has  been  obtained  Care  must  be  taken  by  the  inexperi- 
enced operator  that  he  does  not  deviate  from  the  median  line. 

LEAKAGE  OF  CEEEBROSPINAL  FLUID. — Much  has  been  written  concern- 
ing the  dangers  from  the  sudden  escape  of  a  large  amount  of  cerebroepinal 
fluid  when  the  dural  sac  is  opened.  In  a  large  experience  with  these  operations 
I  have  never  seen  symptoms  ensue  from  this  cause.  Nevertheless,  it  is  advisable 
to  lower  the  head  end  of  the  operating  table  if  there  is  a  profuse  escape  of  fluid. 

If  the  dura  has  been  well  closed  after  the  operation,  leakage  of  cerebrospinal 
fluid  should  never  occur.  If  a  2-stage  operation  is  done  and  the  dura  is  not 
sutured  at  the  first  operation,  the  careful  suture  of  the  muscles  and  fascia 
should  prevent  any  leakage.  If  leakage  does  occur,  the  dressings  should  be 
changed  as  often  as  necessary  with  the  greatest  care  as  to  asepsis,  the  skin  being 
painted  with  tincture  of  iodin  as  soon  as  the  dressings  are  removed. 

BLADDER  DISTURBANCES. — Even  if  no  bladder  disturbances  existed  be- 
fore the  operation,  they  are  very  likely  to  occur  afterward.  Usual  h 
retention  of  urine  for  a  few  days ;  rarely  this  persists  for  several  weeks.  When 
the  laminectomy  has  been  done  in  the  lumbosacral  region,  the  retention  is  ac- 
companied by  a  lack  of  feeling  of  bladder  retention ;  after  an  operation  in  the 
cervical  or  dorsal  region,  the  patient  will  often  know  when  his  bladder  is  dis- 
tended. When  the  patient  regains  control  of  his  bladder,  he  is  at  first  able  to 
empty  the  bladder  only  partly.  Unless  incontinence  exi-ted  l.<-t".>re  the  opera- 
tion, it  should  rarely  occur  afterward.  If  such  incontinence  does  occur,  it 
usually  means  that  some  injury  has  been  done  to  the  cord,  or  that  there  has 
been  considerable  bleeding  within  the  sac  of  the  arachnoid.  If  the  incontinence 
is  due  to  the  latter  cause,  it  will  usually  disappear  within  u  few  days  or  weeks; 
if  due  to  the  former,  it  may  persist  for  months;  and  if  the  injury  to  the  cord 
has  caused  a  more  or  less  complete  transverse  lesion,  it  may  be  permanent 

After  the  removal  of  a  tumor  or  other  disease  of  the  caudn  etpiina  which 
has  caused  retention  of  urine  as  one  of  the  symptoms,  the  retention  of  urine 
may  persist  for  a  number  of  months.  In  these  patients  one  can  often  stimulate 
the  bladder  to  empty  itself  by  suddenly  removing  the  catheter  during  cath« 
zation,  the  patient  being  told  at  the  same  time  to  attempt  to  void  his  urine  with 
the  catheter  in  place. 

ABDOMINAL  DISTENTION. — Abdominal  distention  may  occur  after  a  lami- 
46  B 
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nectomy  as  after  any  other  operation.  But  it  occurs  very  frequently  after  a 
laminectomy  in  the  lower  dorsal  region.  After  a  spinal  operation  at  this  level, 
a  very  marked  and,  to  the  patient,  very  distressing  abdominal  distention  often 
occurs,  which  can  be  only  partly  relieved  by  cathartics  or  enemata,  and  which 
usually  persists  for  several  days.  The  patients  are  unable  to  pass  any  gas,  the 
abdomen  becomes  enormously  distended,  and  vomiting  occurs,  so  that,  to  one 
who  has  not  seen  the  condition,  the  patient  seems  to  present  the  clinical  picture 
of  acute  intestinal  obstruction.  The  symptoms,  however,  usually  subside  within 
a  few  days. 

Recognition  of  Spinal  Lesions. — Those  most  experienced  in  spinal  sur- 
gery often  find  much  difficulty  in  recognizing  the  nature  of  the  changes  which 
are  found  at  operation.  A  few  words  upon  the  normal  and  pathological  ap- 
pearance of  the  spinal  cord  and  membranes  are,  therefore,  permissible. 

Normally  the  outer  surface  of  the  dura  has  a  bluish-white  color  and  is 
smooth  and  glistening.  A  reddish  or  brownish  discoloration  is  due  to  adjacent 
bone  disease  or  to  an  inflammatory  process  in  the  dura  itself.  To  the  examining 
finger  the  membrane  feels  soft  and  it  is  easy  to  recognize  that  it  is  thin  and 
contains  fluid.  If  the  finger  is  gently  passed  over  its  surface,  one  can  often 
(but  not  always)  feel  if  a  solid  mass  such  as  a  tumor  lies  under  it,  and  an  intra- 
dural  growth  will  sometimes  cause  a  distinct  bulging  of  the  dura.  A  similar 
bulging  and  a  similar  resistance  are  felt  when  the  cord  has  been  pushed  back- 
ward by  an  affection  of  the  vertebra?  or  by  a  tumor  which  lies  in  front  of  the 
cord.  The  surgeon  must,  therefore,  be  careful  that  he  does  not  injure  the 
growth  or  the  cord  when  he  incises  the  dura. 

In  rare  instances  a  localized  pachymeningitis  may  cause  a  marked  bulging 
of  the  dura  because  of  the  great  thickening  of  the  membrane.  I  have  seen  one 
case  in  which  a  marked  local  thickening  gave  all  of  the  symptoms  and  upon 
operation  presented  all  of  the  characters  of  a  spinal  tumor  until  the  dura  had 
been  incised. 

The  inner  surface  of  the  dura  should  be  smooth  and  shiny.  If  it  is  con- 
gested or  discolored,  it  is  the  seat  of  an  inflammatory  process. 

The  arachnoid  should  be  translucent  and  very  thin.  If  it  is  thickened  or 
whitish  in  color,  it  has  been  the  seat  of  a  leptomeningitis.  The  arachnoid  is 
sometimes  distinctly  thickened  if  long  pressed  upon  by  a  tumor. 

The  posterior  surface  of  the  spinal  cord  should  be  covered  by  a  fine  network 
of  blood-vessels,  but  normally  these  should  not  be  sufficiently  marked  to  cause 
a  change  in  the  creamy  white  appearance  of  the  cord.  If  the  vessels  are  very 
large  and  tortuous,  giving  to  the  cord  a  pinkish  color,  it  means  that  there  is 
either  an  inflammatory  process  within  the  cord  substance  or  pressure  upon  the 
vessels  of  the  cord  at  a  higher  level  than  that  exposed.  In  several  cases  of 
myelitis  which  were  operated  upon  under  a  wrong  diagnosis  I  have  observed  a 
marked  congestion  of  the  posterior  spinal  vessels  of  quite  a  characteristic  ap- 
pearance. Such  a  marked  vascularity  of  the  cord  has  led  me,  in  not  a  few 
instances,  to  search  for  a  suspected  tumor  at  a  higher  level  than  that  exposed. 
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Frequently,  however,  one  can  normally  see  mattes  of  tortuous  vessels  near  the 
lateral  aspects  of  the  cord  at  points  where  tin-  oeire  POOtl  perform*  ira. 

While  it  should  be  a  rule  that  the  <-,,nl  i,  t,,  he  pal,,  .nl«?  as  postihle. 

the  surgeon  should  know  that  normally  the  «-.,nl  ml  .-els  fairlv  n>lid. 

and  that,  therefore,  irregularities  can  easily  be  recognized  by  the  examining 
finger. 

Two-stage  Operations.-Scvoral  surgeons  have  advi>,,l  that  many  laminectoraiet 

should  be  done  in  two  stages,  the  dura  heini:  exposed  at  tin-  tir-t  hittinjr.  1  l.«-li«-vi«  that 
the  larger  number  of  patients  can  he  operated  upon  in  on.  -t  ,-,-.  If  the  condition  of 
the  patient  should  become  too  poor,  then  an  operation  may  have  to  he  stopped  and  be 
continued  at  a  later  time.  This  should,  however,  be  of  rare  occurrence. 

Two-stage  operations  are  indicated  in  the  following  :  In  all  intramedullary 
operations  for  tumor  where  the  tumor  is  left  to  extrude  fmm  the  mnl  after  an 
incision  into  the  cord  tissue  has  been  made;  in  operations  in  the  uppermost 
cervical  region,  to  allow  of  a  re-adjustment  of  pressure  conditions  on  account  of 
the  proximity  of  the  medulla;  in  some  cases  of  large  tumors  of  the  conus 
cauda  equina,  where  a  delay  may  allow  the  tumor  to  hee<>me  partially  freed 
from  the  nerve  roots  of  the  cauda;  in  some  subpial  tumors  to  be  treated  by  the 
method  of  extrusion.  In  the  case  of  high  cervical  operations  the  dura  must  not 
be  opened  at  the  first  stage;  in  the  other  operations  above  mentioned  the  dura 
will  have  to  be  opened  at  tbe  first  stage,  and  will  have  to  U-  left  open  until  the 
second  operation.  In  these  latter  cases  the  exposure  of  the  cord  and  tumor  at 
the  second  operation  will  be  made  more  easy  if  they  have  been  covered  by  a 
piece  of  Cargile  membrane  at  the  first  operation. 

Functions  of  the  Spinal  Column  after  Complete  Laminectomy. — From  the  es- 
thetic standpoint  the  appearance  of  the  back  of  a  patient  who  has  had  a  Iain  in- 
ectomy  performed  upon  him  is  very  satisfactory.  In  most  cases,  excepting  for 
the  linear  cicatrix,  the  contour  of  the  back  appears  almost  normal.  The  mass 
of  the  paravertebral  muscles  and  the  scar  tissue  that  is  formed  between  the 
divided  laminae  and  the  skin  form  a  good  support  for  the  skin  and  an  excellent 
protection  for  the  spinal  cord  beneath. 

The  free  mobility  of  the  spinal  column  is  usually  fully  recovered.  For  a 
number  of  days  after  the  operation  the  spine  is  held  very  rigid,  because  of  the 
pain  which  follows  movements  of  the  head,  trunk,  or  extremities.  As  soon  as 
the  pain  disappears  the  patients  are  able  to  turn  freely,  and  within  10  to  n 
days  they  are  able  to  sit  up  and  begin  to  walk.  Considerable  stiffness  and 
rigidity  of  the  spine  may  persist  for  several  months,  and  this  occurs  especially 
after  lumbar  laminectomy.  In  most  patients,  after  an  operation  upon  the 
cervical  vertebrae,  the  mobility  of  the  spine  is  fully  regained  within  2  to  2 
weeks.  Some  of  the  patients  have  a  tendency  to  ean-y  the  head  somewhat  for- 
ward, as  if  there  had  remained  some  weakness  of  the  cervical  spinal  muscles. 
Very  rarely  massage  and  exercises  are  necessary  l>efore  the  vertebral  column 
regains  its  normal  mobility.  Six  months  after  a  laminectomy  has  been  done 
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the  vertebral  column  will  be  found  as  freely  movable  as  the  normal,  or  as  it 
would  have  been  in  the  individual  case  if  no  operation  had  been  performed. 

Mortality  of  the  Operation. — It  is  difficult  to  obtain  a  satisfactory  idea  of 
the  mortality  due  to  the  operation  of  laminectomy,  because  the  results  vary 
with  the  affections  for  which  the  operations  are  done.  The  statistics  of  different 
operators  vary  within  wide  limits.  Spinal  surgery  can  only  be  successfully 
performed  by  those  who  have  a  large  experience  in  this  special  branch  of 
surgery.  Oppenheim  has  reported  25  operations  performed  for  him  by  several 
surgeons  with  8  fatalities  from  the  operation.  Krause  had  28  operations  with 
8  deaths;  in  a  later  publication  he  stated  that,  exclusive  of  laminectomy  for 
spinal  fracture  and  cases  of  myelitis,  he  had  performed  45  operations  with  9 
deaths.  Hildebrand  had  35  laminectomies  with  9  deaths;  Nonne  had  13  opera- 
tions with  7  deaths ;  Sick  had  21  cases  and  8  deaths. 

On  the  other  hand,  Horsley  reported  24  successive  cases  without  fatality, 
and  Oppenheim  justly  states  that  the  dangers  of  a  laminectomy  are  small  when 
the  operation  is  done  by  a  surgeon  of  the  experience  of  Sir  Victor  Horsley. 

The  above  statistics  refer  to  all  the  spinal  operations  performed  by  the 
authors  quoted,  excepting  laminectomies  for  fracture  of  the  spine  and  the  cases 
in  which  myelitic  softening  was  found  at  operation.  Excluding  operations  for 
the  condition  just,  mentioned,  I  have,  up  to  October  1,  1913,  performed  81 
laminectomies  with  4  operative  deaths  (4.9  per  cent.),  and  have  had  no  fatal 
case  in  the  last  57  operations. 

In  many  instances  the  fatal  result  of  a  laminectomy  was  due  to  the  undue 
prolongation  of  the  operation.  With  proper  instruments  the  removal  of  3  or  4 
spinous  processes  and  laminae  should  not  require  more  than  10  to  30  minutes. 
Some  of  the  deaths  have  been  due  to  loss  of  blood,  but  the  hemorrhage  during  a 
spinal  operation  should  seldom,  if  ever,  be  large  in  amount  if  the  manipulations 
are  not  unduly  prolonged. 


LAMINECTOMY  FOR  TUMOR  OF  THE  SPINAL  COLUMN  AND   CORD 

In  the  majority  of  instances  tumors  of  the  vertebral  column  are  metastatic 
from  some  other  part  of  the  body  or  are  extensions  from  disease  of  the  adjacent 
soft  parts.  Benign  growths,  such  as  osteoma,  chondroma,  or  exostosis,  are  of 
very  rare  occurrence,  and  in  only  a  very  few  instances  have  they  been  subjected 
to  operation.  The  malignant  growths,  on  the  other  hand,  are  very  frequent, 
and  the  symptoms  to  which  they  give  rise  are  most  distressing,  so  that  they  are 
justly  considered  one  of  the  most  terrible  ills  that  human  flesh  is  heir  to.  Many 
attempts  have  been  made  to  operate  upon  primary  new  growths  of  the  bony 
spine.  But  the  results  have  been  most  unsatisfactory  because  it  is  seldom,  if 
ever,  possible  to  eradicate  the  disease  entirely;  the  cord  symptoms  usually 
progress  uninfluenced  by  the  operative  interference.  Most  of  the  patients  have 
been  operated  upon  because  the  diagnosis  was  uncertain ;  in  many  of  the  cases 
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the   operation   was   di-«  -nut  inued   as  soon  as  the  real  condition   was   recog- 

nized. 

Metastatic  malignant  disease  of  tin-  -|.im-  nhould  never  be  operated  upon;  the  dis- 
ease usually  affects  the  bodies  of  the  vertebra  primarily.  A  luinincctomy  may,  how- 
ever, be  indicated  in  some  cases  of  primary  or  metaatatic  disease  of  the  spine  where 
the  horrible  sufferings  of  the  patient  are  t..  I.e  relieved  by  «i  -f  sensory  posterior 

roots  or  division  of  tracts  of  the  cord  which  carry  tin-  painful  sensations. 

If  the  diagnosis  of  a  malignant  atlWtion  of  the  .-pine  has  been  made,  it  is 
advisable,  in  most  cases,  to  refrain  I'mm  any  surgical  iiiterfcn-w**.  Immobiliza- 
tion of  the  spine  by  means  of  a  plaster  jacket  and  morphin  are  the  only  means 
we  can  use  to  relieve  the  patient  for  his  short  span  of  life.  There  are  tome 
cases  in  which  the  progress  of  the  disease  is  very  slow,  and  the  sufferings  so 
acute,  in  spite  of  morphin,  that  the  attempt  has  been  made  to  relieve  the  pa* 
by  the  intradural  division  of  a  large  number  of  sensory  nerve  roots.  The 
results  from  this  operation  have  not  been  satisfactory  ;  when  improvement 
occurred,  it  was  only  evanescent.  The  teelmie  of  the  operation  of  section  of 
posterior  roots  will  be  considered  later  (page  717). 


DIVISION    OF    THE    ANTEEOLATEEAL    TEACTS    OF    THE    COED 

About  3  years  ago  (1911)  Spiller  and  Martin  recommended  the  division 
of  the  anteroiateral  tracts  of  the  cord,  the  tracts  which  convey  the  sensations  of 
pain  to  the  higher  centers,  for  the  relief  of  intractable  pain  from  malignant 

disease  of  the  spine.  The 
operation  was  performed 
once  by  Martin,  of  Philadel- 
phia, once  by  Beer,  of  New 
York,  and  once  by  me. 
Spiller  and  Martin's  patient 
was  relieved  for  a  time  ; 
Beer's  patient  had  almost 
complete  relief  for  several 
months;  in  my  case  the  re- 
lief was  only  of  a  few  days' 
duration.  The  future  will 
have  to  show  whether  the  re- 
sults will  justify  the  opera- 
tion. 

For  the  division  of  the 
anteroiateral  tracts  of  the 
spinal  cord  (Fig.  20)  lami- 

nectomy  is  done  well  above  the  level  of  the  lesion,  t       spn 
of  2  vertebra  being  removed  in  the  usual  manner.     After  the  dural 
been  opened,  the  cord  is  rotated  to  one  side  by  means  of  traction  on  a  slip  c 


20. — CROSS-SECTION  or  SPINAL    CORD  TO  SHOW  THB 
ANTEROLATERAL  TRACT  (A)  or  THK  LETT  Sn>«. 
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dentate  ligament.  About  2  or  3  mm.  in  front  of  the  origin  of  the  posterior  root 
an  incision  2  or  3  mm.  in  length  and  2  or  3  mm.  deep  is  made  in  a  transverse 
direction  with  a  fine  scalpel.  If  the  pain  from  which  the  patient  suffered  was 
bilateral,  the  anterolateral  tracts  of  both  sides  must  be  divided ;  otherwise,  only 
the  tract  on  one  (the  opposite)  side. 

Further  experience  will  have  to  show  whether  the  operation  will  be  successful  in 
relieving  the  pain  in  every  case,  and  whether  the  relief  will  be  of  long  enough  duration 
to  justify  this  palliative  operation.  In  this  connection  it  is  to  be  remembered  that 
patients  with  primary  malignant  disease  of  the  vertebra  or  soft  parts  often  stand  the 
anesthesia  and  operation  very  badly,  while  those  with  metastatic  disease  stand  the 
operation  much  better. 

REMOVAL   OF    EXTRADURAL   TUMORS 

Extradural  tumors  of  the  spine,  originating  from  the  outer  surface  of  the 
dura  and  not  affecting  the  surrounding  bony  or  soft  tissues,  are  occasionally 
met  with.  The  removal  of  such  a  tumor  is  a  very  simple  procedure.  As  soon 
as  the  laminse  have  been  removed,  the  tumor  comes  into  view  and  it  can  usually 
be  peeled  off  from  the  dura  without  difficulty.  If  the  growth  is  intimately  con- 
nected with  the  dura,  a  piece  of  dura  must  be  excised  with  the  tumor,  and  the 
dural  sac  then  closed  by  suture.  If  the  tumor  lies  on  the  lateral  side  of  the 
dura,  as  in  one  case  that  I  have  operated  upon,  it  may  be  necessary  to  divide 
one  posterior  root  before  the  growth  can  be  removed.  It  is  not  necessary  or  ad- 
visable to  unite  the  ends  of  the  divided  posterior  root  after  the  removal  of  the 
tumor. 

REMOVAL    OF    INTRADURAL    GROWTHS 

It  is  often  possible  to  recognize  that  a  tumor  is  present  by  palpation  through 
the  dura  after  the  dura  has  been  exposed  by  the  laminectomy.  Small  subpial 
growths  and  growths  on  the  anterior  and  lateral  sides  of  the  spinal  cord  cannot 
be  felt  through  the  intact  dura,  and  the  operator  should  never  fail  to  open  the 
dural  sac  widely  in  the  search  for  a  spinal  new  growth.  In  the  search  for  the 
tumor  the  edges  of  the  incision  in  the  dura  must  be  held  well  apart  by  means 
of  small  2-pronged  retractors. 

The  surgeon  first  watches  the  cord  closely  to  determine  whether  the  cardiac 
and  respiratory  pulsations  are  present.  A  normal  cord  presents  both  cardiac 
and  respiratory  movements  in  the  great  majority  of  instances,  although  oc- 
casionally the  pulsations  are  wanting  for  a  time  after  the  sudden  escape  of  a 
large  quantity  of  cerebrospinal  fluid. 

If  the  dura  has  been  incised  without  injury  to  the  arachnoid,  the  arachnoid 
sac  will  be  seen  distended  with  clear  fluid,  and  very  often  the  reddish  or  bluish 
tumor  will  be  seen.  If  there  is  very  little  fluid  within  the  sac,  or  little  escapes 
when  the  arachnoid  is  incised,  there  must  be  an  obstruction  somewhere  above 
this  level. 
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The  arachnoid  is  now  incised  with  ;i  line  M-alpel,  and  if  tin*  tumor  has  not 
been  found,  it  must  be  searched  for.     If  tin-  <-,,rd  in  of  normal  «ize  and  con- 
sistency, the  lateral  and  anterior  :i-pe<-t-  must  be  examined.     The  eord  must  be 
carefully  pushed  to  the  one  an<l  the  other  .-ide  h\   means  of  a  thin  instrument, 
extreme  care  beini:  taken  that  as  little  pressure  as  possible  is  made  upon  the 
delicate  cord  tissue.     In  or- 
der to  examine  the  lateral  re- 
cesses, a  slip  of  the  dentate 
ligament  on  each  side  must 
be  grasped  with   mosquito 
forceps,  divided  near  the 
dural   attachment,    and   the 
cord  then  drawn  to  the  one 
and  the  other  side  by  means 
of    traction    on    the    forceps 
(Fig.    22).      By    means    of 
traction  on  1  forceps  the  cord 
can  be  rotated  so  that  its  an- 
terior surface  can  be  inspect- 
ed.     Unnecessary    to    state, 
the    cord    should    not   be 
handled  with  the  fingers ;  the 
operator  should  consider  that 
every   time   he    touches   the 
cord  he  is  doing  harm  to  it. 
If  the  tumor  is  not  found, 
a  small  probe  should  be  care- 
fully   passed    upward    and 
downward  in  front  of  and  be- 
hind the  cord  to  determine 
whether  any  obstruction  ex- 
ists.     A    slight    obstruction 
may,  however,  be  due  to  the 
end  of  the  probe  coming  in 
contact  with  a  nerve  root  or 
slip  of  the  ligamentum  den- 
tatum. 

As  soon  as  the  tumor  has  been  found  we  proceed  to  its  reraova 
the  extramedullary  growths  lie  superficial  to  the  pin  and  are  attached  1 
flimsy  adhesions ;  some,  however,  lie  underneath  the  pia  mater,  so  that  the  pia 
has  to  be  incised  before  the  growth  can  be  removed   (  1 

The  upper  and  lower  ends  of  the  tumor  must  be  well  exposed  :  one  should  never  hesi 
tate  to  remove  more  bone  if  the  exposure  is  not  a  *ood  one. 
posterior  surface  of  the  cord,  it  must  be  carefully  raised  away  from  the  cord 


FlO.    21. — AN     EXTRAMEDULLART    TcMOB    ON    THE 
LATERAL  SURFACE  OF  THE  CORD. 


FIG.  22. — PROCEDURE  FOR  EXPOSING  THE  ANTERIOR  SURFACE  OF  THE  CORD. 


FIG.  23. — SUBPIAL  SPINAL  TUMOR  WHICH  RESEMBLES  AN  INTRAMEDULLARY  GROWTH. 
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fine  adhesions  to  tin-  pia  divided  (Jreat  care  must  be  tak,n  not  to  cause  the  .lightett 
injury  to  the  cord  tissue,  and  if  it  is  found  that  th,  too,  {.  nmn.ately  oonnecUd  whh 
the  cord,  an  entirely  different  procedure  must  be  adopted  (*.  Jntram  eduUary Tumuli)! 

Any  small  blood-vessels  must  be  ligated  with  vcrv  fine  silk  and  divided. 
The  slightest  oozing  must  be  controlled  by  gentle  pressure  with  bite  of  cotton 
or  by  gentle  irrigation  with  warm  saline  solution  ln-f-.n-  th,.  ,lura  ig  doted. 

If  the  growth  lies  on  the  lateral  surface  of  the  cord,  it  is  often  necessary  to 
divide  a  slip  of  the  dentate  ligament  before  the  tumor  can  be  removed; 


Fio.  24. — SUBPIAL  SPINAL  TUMOR  LYING  IN  A  CAVITY  IN  THE  CORD. 

times  it  is  necessary  to  divide  1  or  2  posterior  roots  which  run  through  the 
tumor.  If  the  growth  is  firmly  adherent  to  the  inner  surface  of  the  dura,  a 
piece  of  that  membrane  must  be  excised  with  the  growth.  The  dura  must 
always  be  tightly  closed  after  all  oozing  has  been  controlled,  and  should  never 
be  drained. 

If  the  surgeon  has  to  deal  with  a  tumor  which  lies  outside  of  the  cord  tissue 
proper,  but  in  or  beneath  the  pia  mater,  he  may  have  to  vary  his  procedures 
from  the  method  just  described.  Should  there  be  adhesions  to  the  cord  tissue, 
no  attempt  should  be  made  to  remove  the  tumor  at  this  stage,  but  the  actual  re- 
moval should  be  delayed  iintil  later,  and  the  tumor  should  be  treated  according 
to  the  principles  which  will  be  laid  down  (page  702)  for  the  treatment  of  intra- 
medullary  growths. 

Special  Procedures  at  Different  levels  of  the  Cord. — When  a  growth  is  ex- 


702    DISEASES    OF   THE   SPINAL   COED   AND   MENINGES 

posed  high  up  in  the  cervical  region  it  is  advisable  to  divide  the  operation  into 
2  stages,  at  the  first  only  exposing  the  growth ;  at  the  second  stage,  which  should 
be  done  in  6  to  T  days,  when  the  pressure  conditions  have  re-adjusted  them- 
selves and  the  danger  to  the  medulla  oblongata  has  been  lessened,  the  tumor  can 
be  removed  with  safety. 

Special  care  must  be  taken  in  the  removal  of  a  tumor  of  the  conus  or  from  between 
the  roots  of  the  cauda  equina.  It  is  still  an  open  question  whether  the  giant  tumors 
of  this  region  (giant  endotheliomas)  (Collins  and  Elsberg),  which  fill  up  the  entire 
lower  part  of  the  spinal  canal,  should  be  removed.  These  tumors  are  usually  of  very 
slow  growth,  and  give  distinct  symptoms  only  after  they  have  attained  a  large  size, 


FIG.  25. — EXTRAMEDULLARY  TUMORS  REMOVED  AT  OPERATION.    The  long  growth  is  typical  of  the  so- 
called  giant  endotheliomata  of  the  cauda  equina. 

surrounding  the  caudal  nerves.  In  their  removal,  even  if  it  is  done  in  2  stages,  a  great 
deal  of  injury  is  done  to  the  nerve  roots  from  which  the  growth  is  separated.  Especial 
care  must  be  taken  not  to  injure  the  filum  terminale  with  which  the  nerve  runs  to  the 
bladder. 

Small  tumors  between  the  roots  of  the  cauda  equina  can  usually  be  removed 
without  difficulty;  they  are,  however,  of  relatively  rare  occurrence  compared 
with  tumors  in  other  parts  of  the  spinal  cord. 


RECOGNITION    OF    INTRAMEDULLARY    TUMORS    OF    THE    CORD;    TECHNTC    OF 
ASPIRATION  AND  INCISION  OF  THE  CORD,  AND  REMOVAL  OF  INTRA- 
MEDULLARY TUMORS  BY  THE  METHOD  OF  EXTRUSION 

A  complete  laminectomy  is  always  necessary  when  a  thorough  exploration 
of  the  cord  is  to  be  made.  It  should  never  be  difficult  to  recognize  a  tumor  that 
lies  underneath  the  arachnoid,  for  these  growths  always  lie  behind  and  super- 
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of   t  h  e   tumor, 
some    experience, 


ficial  to  the  pia  mater.     It  is  not  so  easy,  bowerer,  to  differentiate  between  a 

subpial  growth  closely  adhen-nt  to  tin-  cord  .  I 

medullary  neoplasm,  especially  if  an  intramedullarv  tumor  ha,  bmken  ib , 
the  posterior  surface  <>f 
the  cord  and  has  pushed 
the  pia  mater  before  it. 
After  the  operator  has 
incised  the  pia  covering 
the  tumor,  he  may 
think  that  he  is  incising 
cord  tissue  when  in  re- 
ality it  is  the  capsule 

with 

one 

soon  learns  to  recognize 
the  soft  creamy  yellow 
cord  tissue.  Careful 
palpation  of  the  cord 
will  often  inform  the 
surgeon  that  he  has  to 
deal  with  a  solid  tumor 
within  the  cord  sub- 
stance or  that  the  en- 
largement is  due  to  a 
collection  of  fluid.  The 
majority  of  intramedul- 
lary  tumors  cause  a  fu- 
siform enlargement  of 
the  cord  (Fig.  26). 

As  soon  as  the  cord 
is  exposed,  and  the  surgeon  has  determined  that  a  growth  exists  within  the 
cord,  he  must  at  once  proceed  to  its  removal.  Before  describing  the  exact  pro- 
cedure to  be  followed,  a  few  remarks  upon  the  anatomy  of  the  cord  and  the 
technic  of  aspiration  and  incision  of  the  cord  tissue  must  be  made. 

Based  upon  anatomical  and  physiological  considerations,  I  have  shown  that  it  is 
perfectly  feasible  and  safe  to  incise  the  cord,  and  further  that  the  location  of  the  in- 
cision is  to  be  made  in  the  posterior  columns  near  the  posterior  median  septum 
(Fig.  27). 

Punctuie  of  the  Cord. — The  cord  can  be  punctured  with  entire  safety  with 
a  needle,  provided  only  the  finest  aspirating  needle  is  used,  and  care  is  taken 
not  to  injure  even  the  smallest  vessels  which  enter  the  cord  through  the  posterior 
median  septum  or  run  in  the  pia  mater.  In  doing  the  aspiration  it  is  advisable 
to  make  the  puncture  near  but  not  through  the  posterior  median  septum.  The 


Fio.  26. — FUSIFORM  ENLARGEMENT  or  TH«  CORD  DUB  TO  INT*A> 

MEDULLA  HY   SlMNAL  TfMOR. 
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cord  must  be  carefully  steadied,  as  the  pia  offers  some  resistance  to  the  entering 
needle.  A  slip  of  the  dentate  ligament  is  grasped  on  each  side  with  fine  mos- 
quito forceps  and  held  in  place.  Extreme  care  must  be  taken  that  the  direction 
of  the  needle  is  held  constant.  Needless  to  add,  the  cord  must  never  be  grasped 
with  an  instrument  or  with  the  fingers. 

Incision  of  the  Cord. — For  the  incision  of  the  cord  a  very  fine  scalpel,  such 
as  the  von  Graefe  knife  used  by  the  ophthalmologist,  should  be  used.  The  ar- 
achnoid is  first  incised  and  grasped  with  fine  forceps.  Then  the  proper  part  of 
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FIG.  27. — CROSS-SECTIONS  OF  SPINAL  CORD  AT  DIFFERENT  LEVELS.  The  areas  in  the  posterior  columns 
in  which  ascending  degeneration  occurs  after  injury  to  the  sacral  and  lower  lumbar  posterior  roots 
of  both  sides  (after  Schultze) .  Within  these  areas,  shaded  in  black,  an  incision  can  be  made  which 
will  cause  little  injury  and  few,  if  any,  symptoms. 


the  posterior  column  is  selected  and  an  incision  made.  The  incision  must  be 
carefully  deepened  and  enlarged,  care  being  taken  that  it  shall  be  in  the  long 
axis  of  the  cord.  The  enlarging  and  deepening  is  best  done  with  a  blunt  instru- 
ment, and  for  this  purpose  a  small  blunt  strabismus  hook  is  the  proper  instru- 
ment. The  incision  in  the  cord  should  always  be  slowly  made  and  should  be 
stopped  as  soon  as  there  is  the  slightest  bleeding.  Sponging  should  be  done  with 
small  bits  of  cotton,  with  extreme  gentleness,  so  as  to  make  the  smallest  amount 
of  pressure  upon  the  cord.  When  a  cystic  collection  of  fluid  or  a  small  area  of 
softening  is  opened,  no  effort  should  be  made  to  remove  the  fluid  in  the  cavity 
by  sponging  or  by  pressure. 
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Removal  of  the  Growth.— The  attempt  to  remove  a  growth  from  within  the 

substance  of  the  spinal  cord,  n.,  matter  l,.,w  earefnlly  it  w:,  .vouhl  n^um- 

an  amount  of  handling  and  a  degree  of  manipulation  ,,f  tl,,.  -lelirate  ti- 
the cord  that  would  in  the  largo  n,aj,,rity  of  cases  be  follow,,!  |,v  a  traur 
inflammation  that  would  damage  or  destroy  all  the  elements  .,f  tiic  «-.,r.l  at  the 
spot  and  would  probably  be  permanent  in  its  effects.     Ti  although  in 

tramedullary  growths  had  been  removed  in  a  very  few  instances  with  more  or 
less  improvement,  it  was  necessary  to  devise  a  new  method  f,,r  the^e  intramediil- 
lary  growths.  In  1911  Elsberg  and  Beer  describe,!  ,h,  m.-thod  of  extrusion 


FIG.  28. — THE  EXTRUSION  OF  AN  INTRAMEDULLART  TUMOR  AFTER  THB  INCISION  INTO  THE  CORD  HAS 

BEEN  MADE.     (Diagrammatic.) 

by  means  of  which  it  is  possible  to  remove  a  tumor  from  the  substance  of  the 
cord  with  a  minimum  amount  of  injury  to  the  cord  tissue. 

The  theory  upon  which  the  method  of  extrusion  is  based  is  the  following:  There 
must  exist  within  the  cord  a  certain  intramedullary  pressure,  such  as  exists  in  all 
solid  and  fluid  substances.  When  there  is  a  tumor  growth  in  a  part  of  the  cord,  the 
intramedullary  pressure  must  be  locally  increased.  If  an  incision  is  made  down  to  the 
growth,  nature  will  proceed  to  readjust  the  pressure  conditions,  and  in  so  doing  will 
push  out,  conditions  being  favorable,  whatever  has  caused  the  local  increase  of  pressure. 
When,  therefore,  an  incision  is  made  down  to  the  tumor  in  the  cord,  the  tumor  will 
be  slowly  pushed  out  of  its  bed,  and  will  be  slowly  "extruded"  from  the  cord  substance, 
Nature  will  accomplish  this  process  slowly,  nerve  fibers  being  slowly  pushed  to  the  sides 
while  the  growth  is  being  extruded,  and  with  far  less  injury  to  the  cord  structure  than 
the  mo«t  careful  manipulations  of  the  surgeon.  If  these  theoretical  considerations 


FIG.  29. — FUSIFORM  SWELLING  OF  THE  CORD  FROM  AN  INTRAMEDULLARY  TUMOR. 


FIG.  30. — PARTIAL  EXTRUSION  OF  THE  INTRAMEDULLARY  TUMOR  AFTER  INCISION  OF  THE  CORD. 


LAMINECTOMY    FOR    TUMOR   OF    SPINAL    OOLUM 
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If,  then,  after  laminectomy  ami  bcrnoo  ,,f  .!„.  ,!,„,,.  tl,,-  surgeon  finds  that 
ho  has  to  deal  with  an  totramednllary  jrrowth.  I,,,  sl.0,,1.1  n.uki-  ,i  short  incition 
about  1  cm.  in  length  in  the  posterior  ,,,,,|i;ln  (.(,|I1IMI1.  ,,  f,.w  ,,,i||ilncter«  ouUi.lo 
of  the  posterior  median  fissure,  at  the  spot  wl,,-,-,-  th,-  -rowth  M-.-H.H  to  be  nearest 


FIG.  31.  —  COMPLETE  EXTRUSION  OF  THE  INTRAMEDULLART  TUMOR  Ow» 
WEEK  AFTER  INCISION  OF  THE  CORD. 


the  surface  of  the  cord.  The  incision,  made  in  the  manner  wo  have  already  de 
scribed,  should  be  deep  enough  to  divide  the  pia  and  the  substance  of  the  column 
down  to  the  tumor.  The  tumor  will  then  begin  to  bulge  through  the  incision. 
No  matter  how  markedly  the  tumor  protrudes,  the  surgeon  must  not  attempt 
to  remove  the  growth  for  fear  of  grave  injury  to  the  cord.  The  operation  mn-t 
be  concluded  for  the  time  being,  the  dura  left  wide  open,  and  the  muscles, 
fascia,  and  skin  carefully  closed,  as  if  the  operation  was  definitely  ended.  The 
actual  removal  of  the  tumor  is  left  for  a  second  operation. 

After  about  a  week  the  wound  is  re-opened,  and  the  tumor,  which  will  in  all 
probability  be  found  outside  of  the  cord,  can  be  removed  by  dividing  the  few 
adhesions  which  remain.  When  the  tumor  has  been  removed,  and  all  bleeding 
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controlled,  the  dura,  muscles,  fascia,  and  skin  are  closed  in  the  usual  manner 
(Figs.  29,  30  and  31). 

If,  at  the  second  operation,  the  tumor  is  found  to  be  still  closely  connected 
with  the  cord  tissue,  it  is  advisable  to  leave  it  in  situ  and  not  to  attempt  its 
removal. 

Thus  far  I  have  spoken  of  localized  intramedullary  growths.  In  the  case 
of  intramedullary  growths  which  extend  over  a  large  number  of  cord  segments, 
and  which  infiltrate  the  cord  tissue,  a  small  incision  in  the  cord  at  the  level  of 
most  marked  symptoms  may  allow  of  the  partial  extrusion  of  the  tumor  with 
amelioration  of  the  patient's  symptoms. 

Failure  to  find  the  growth  may  be  due  to  several  causes.  The  foremost  of  these  is 
error  in  the  diagnosis  of  the  level,  but  this  should  rarely  occur.  The  advances  in  the 
knowledge  of  the  level  signs  of  spinal  tumors  have  been  very  large,  and  the  competent 
neurologist  or  neurological  surgeon  should  be  able,  in  the  large  majority  of  instances 
at  least,  to  diagnosticate  the  level  correctly. 

The  surgeon  may  fail  to  find  the  tumor  because  he  has  opened  the  spine  at 
the  wrong  level.  It  i-s  always  safest  to  remove  the  spines  and  laminae  3  vertebrae 
higher  than  the  level  symptoms.  Thus,  if  the  signs  point  to  the  involvement  of 


FIG.  32. — INTRAMEDULLARY  TUMORS  REMOVED  FROM  THE  SPINAL  CORD  BY  THE  METHOD  OP  EXTRUSION. 

the  eighth  dorsal  spinal  segment,  the  surgeon  should  remove  at  least  the  fifth 
and  fourth  spines  and  laminae.  In  the  cervical  region  it  usually  suffices  to 
operate  2  vertebrae  higher,  while  in  the  dorsal  and  lumbar  regions  one  must  go 
at  least  3  vertebrae  higher. 

If  very  little  cerebrospinal  fluid  escapes  when  the  dura  is  opened,  one  must  be  sus- 
picious that  an  obstruction  exists  above  the  level  of  the  operation,  and  the  surgeon 
must  carefully  probe  the  canal  both  in  front  of  and  behind  the  cord  for  the  location  of 
the  obstruction.  Experience  will  teach  the  operator  to  distinguish  between  the  obstruc- 
tion to  the  passage  of  the  probe  due  to  its  contact  with  a  nerve  root  or  a  slip  of  the 
dentate  ligament,  and  the  elastic  resistance  offered  due  to  a  tumor.  If  slight  pressure 
against  a  resistance  is  followed  by  the  sudden  escape  of  cerebrospinal  fluid,  which 
ceases  as  soon  as  the  pressure  is  released,  one  may  be  certain  of  the  presence  of  a 
tumor.  I  have,  in  not  a  few  instances,  been  able  to  determine  that  a  tumor  existed  3, 
4  and  even  5  inches  above  the  exposed  part  of  the  spinal  cord  by  this  procedure. 
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RESULTS   OF   SURGICAL   TREATMENT   OF   TUMORS  OF   THE   SPINAL   CORD 

There  is  no  more  satisfactory  operation  in  nursery  than  tin*  removal  of  an 
extramedullary  tumor  of  the  cord.     The  patients  usually  stand  tin- 
very  well,  if  it  be  done  rapidly,  and  recovery  U  prompt.     Tin-  i 
the  paralytic  and  other  symptoms  will  occur  very  rapidly  if  tin-  case  has  come 
to  operation  early.     I  have  seen  complete  recovery  in  :;  to  I  week-.     If  the*  cue 
has  been  a  far-advanced  one,  recovery  will  be  very  >l..w,  requiring  many  niontln 
or  years.    If  the  cord  has  been  injured  by  the  lon«r  pre^me  ,,f  the  tumor,  some 
of  the  symptoms  may  never  be  recovered  from.     The  mortality  fnun  the  opera- 
tion has  varied  in  the  hands  of  different  operators.     Thus   Ilorslev  <»(>erated 
upon  20  successive  patients  without  a  death ;  in  2G  operations  1  r  Krausc, 

there  was  a  mortality  of  37  per  cent.    Ilarte  collected  re«  :»2  opera* 

for  spinal  tumor  with  an  operative  mortality  of  47  per  cent.  McOosh  claimed 
that  the  mortality  should  not  exceed  10  per  cent.  I  have  removed  15  extra- 
medullary  tumors,  with  1  death  8  weeks  after  the  operation. 

Intramedullary  tumors  have  been  removed  with  iireat  improvement   in  the 
symptoms  by  Kopke  (1  case),  von  Eiselsberg  (1  case),  Sehult/e  <  1  cue), 
berg  and  Beer  (3  cases,  1  death),  Elsberg  (5  additional  cases,  1  death),  and 
several  other  surgeons. 

The  causes  of  death  after  operations  for  intraspinal  tumors,  aside  from 
shock  and  hemorrhage  and  the  undue  prolongation  of  operations,  have  been 
purulent   meningitis,   respiratory   paralysis   in   high   cervical   operations. 
exhaustion  in  irremovable  turners. 

Meningitis  should  never  occur  if  the  aseptic  technic  is  j»  nd  if  the 

dura  has  been  well  closed  at  the  end  of  the  operation.     Even  when  eerehro-pinal 
fluid  leakage  occurs  after  the  operation,  the  occurrence  of  a  se< 
can  be  prevented  by  the  proper  treatment  of  the  wound  when  the  d re- 
changed.     I  have  seen  respiratory  paralysis  after  the  removal  of  a  tumor  from 
the  upper  cervical  region  and,  therefore,  advise  a  2-stage  operation  when  the 
tumor  lies  above  the  level  of  the  fifth  cervical  segment  of  the  cord. 


INJURIES  TO  THE  SPINE,  WITH  SPECIAL  REFERENCE  TO  SPINAL 

FRACTURES 

Within  recent  years  it  has  been  shown  that  not  a  few  of  the  conditions  that 
were  formerly  called  "sprains  of  the  back"  are  really  ruptun  Krai  liga- 

ments or  fractures  of  a  spinous  or  transverse  process  of  a  vertebra.  The  many 
joints  and  bony  processes  surrounded  and  held  together  by  strong  liiruiwnts  and 
covered  by  large  muscles  are  an  explanation  of  the  remarkable  strength  of  the 
vertebral  column  and  its  resistance  to  injury,  but  this  peculiar  structure  offers 
many  opportunities  for  lesser  injuries. 

These  comparatively  slight  injuries  cause  few  symptoms  besides  pain  and 
47  B 
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stiffness  of  the  back,  and  are  soon  relieved  by  rest  and  simple  remedies.  Some- 
times it  is  necessary  to  immobilize  a  part  of  the  spine  for  a  few  days,  and  if  so, 
simple  strapping  with  adhesive  plaster  will  usually  suffice.  The  pain  may  be 
severe  so  that  the  spine  has  to  be  immobilized  by  means  of  a  plaster-of-Paris 
jacket. 

RUPTURES    OF    SPINAL   LIGAMENTS 

Ruptures  of  spinal  ligaments  usually  require  no  special  treatment,  but  it 
occasionally  happens  that  a  ligamentum  subflavum  is  torn  off  from  part  of  its 
attachments  and  makes  pressure  upon  the  spinal  cord  or  nerve  roots.  In  such  a 
case,  of  which  I  have  seen  2  instances,  a  laminectomy  and  removal  of  the  torn 
ligament  may  become  necessary. 

FRACTURES    OF    THE    SPINE 

Fractures  of  the  spine  occur  most  often  in  the  midcervical  (fourth  to  sixth) 
or  the  lower  dorsal  (eleventh,  twelfth  dorsal,  first  lumbar)  regions.  In  the 
cervical  region  the  spinal  canal  is  large  and  the  vertebrae  are  freely  movable 
upon  each  other.  In  the  lower  dorsal  and  lumbar  regions  the  vertebrae  are  held 
together  more  closely  by  the  thick  ligaments,  and  the  spinal  canal  is  relatively 
narrow.  As  a  result  of  these  anatomical  features,  fractures  of  the  cervical 
spine  are  often  accompanied  by  considerable  dislocation  of  the  vertebrae  and 
injury  to  the  cord,  although  the  vertebrae  may  slip  back  into  place  immediately 
after  the  trauma.  In  the  lower  dorsal  and  lumbar  regions,  however,  the  frac- 
ture dislocation  of  the  fragments  or  vertebrae  more  often  persists.  The  signifi- 
cance of  a  fracture  of  the  spine  lies  more  in  the  injury  that  is  inflicted  upon 
the  spinal  cord  and  nerve  roots  than  in  the  fracture  itself.  Our  remarks  deal 
only  with  the  treatment  of  the  patients  and  with  the  indications  for  operative 
treatment. 

Treatment  of  Recent  Fracture  of  the  Spine. — Great  care  must  be  taken  in 
the  transportation  of  these  patients  and  their  care  in  bed.  As  soon  as  possible, 
the  vertebral  column  should  be  immobilized  upon  a  large  dorsal  splint.  If  the 
fracture  is  in  the  cervical  or  upper  dorsal  regions,  the  splint,  a  well-padded 
board  about  6  to  8  inches  wide,  should  be  bandaged  to  the  patient's  back,  ex- 
tending from  the  lower  dorsal  region  to  beyond  the  head;  if  the  injury  is  below 
the  upper  dorsal  level,  the  entire  vertebral  column  must  be  immobilized  by  a 
long  posterior  splint.  A  lumbar  puncture  should  be  done  at  once,  for  it  will 
show  whether  there  is  a  large  amount  of  blood  within  the  spinal  canal,  and  the 
removal  of  some  fluid  will  relieve  the  pressure  upon  the  spinal  cord.  An  X-ray 
examination  should  be  made  as  soon  as  it  can  be  done,  plates  being  taken  to  give 
both  an  anteroposterior  and  a  lateral  view. 

If  the  patient  is  firmly  bandaged  to  the  long  posterior  splint,  he  can  with 
safety  be  turned  from  one  to  the  other  side  and  lifted  up.  Catheterization  of 
the  bladder  must  be  done  at  regular  intervals,  and  urotropin  given  in  full  doses. 
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From  the  very  beginning  the  most  scrupulous  care  must  be  taken  to  prevent 
decubitus,  the  patient  being  placed  upon  a  water  or  air  mattress,  and  all  bony 
prominences    being   protected    against    pressure    by  mean*  of  rnliU-r  riiip- 
cotton  pads.    When  the  symptoms  of  shock  are  prominent,  active  stimulation  is, 
of  course,  given. 

In  what  patients  is  operative  interference  called  for  i  For  fracture*  above 
the  fourth  cervical  vertebra  with  injury  to  the  cord  very  little  can  be  done,  as 
the  patients  usually  succumb  within  a  few  hours  or  .^.ncr.  with  ...\m|.t..iiui  of 
medullary  disturbance.  For  fractures  at  a  lower  level,  the  following  rule  may 
be  adopted: 

Unless  the  condition  of  the  patient  is  so  poor  that  operative  interference  of  any 
kind  is  out  of  the  question,  intcrt'civnrc  is  iiuli«-at«-«l  M*  goon  afi  posniMi-  when  we  hare 
the  evidence  that  there  is  a  compression  of  the  <-<,nl  by  bone  or  blood,  or  when  the 
signs  point  to  a  marked  contusion  of  the  cord. 

If  the  cord  symptoms  are  such  as  to  indicate  that  there  are  still  numerous 
pathways  up  and  down  the  cord  unaffected,  if  there  is  only  a  partial  IOM  of 
power  below  the  level  of  the  fracture,  if  sensation  is  preserved  over  some  areas 
below  the  level  of  the  lesion,  if  some  of  the  reflexes  are  preserved,  and  the  con- 
trol of  the  bladder  and  rectum  not  entirely  lost,  a  laminectomy  should  be  per- 
formed as  soon  as  possible.  If  the  X-ray  fails  to  show  any  marked  bou 
formity,  we  may  be  fairly  certain  that  the  symptoms  are  due  to  a  great  extent 
to  a  contusion  or  partial  crushing  of  the  cord.  On  the  other  hand,  the  X-ray 
may  show  that  fractured  lamina?  are  compressing  the  spinal  marrow  or  that  the 
spinal  canal  has  been  narrowed  by  the  prominence  of  a  crushed  body  of  a 
vertebra. 

The  contusion  of  the  cord  is  soon  followed  by  an  edema  of  a  very  destructive 
nature  or  by  bleeding  into  the  spinal  substance.  The  e.lema  is  very  apt  to 
cause,  within  a  day  or  days,  a  complete  and  irremediable  transverse  lesion  of 
the  cord.  Its  spread  can  be  prevented  by  the  decompress! ve  effect  of  the 
lammectomy. 

If,  on  the  other  hand,  immediately  after  the  accident,  the  patient  has  a  com- 
plete loss  of  motor  power  and  sensation  with  loss  of  superficial  and  deep  reflexes 
below  the  level  of  the  lesion  and  loss  of  the  control  of  the  bladder  and  rectum, 
there  is  very  surely  a  complete  and  irremediable  transverse  lesion  of  the  spinal 
cord,  and  no  operation  should  be  done.  Operation  will  only  hasten  the  death  of 
the  patient  in  many  instances.  The  disrepute  into  which  operations  for  recent 
fracture  of  the  spine  with  injury  to  the  spinal  cord  have  fallen  is  due  to  a 
great  extent  to  the  fact  that  patients  with  a  transverse  cord  lesion  have  been 
operated  upon.  In  a  very  few  instances  improvement  has  followed  the  opera- 
tion, but  in  these  patients  there  could  not  have  been  a  transverse  lesion  in  the 
cord. 

In  the  patients  in  whom  operative  interference  is  indicated  the  operation 
should  be  done  as  soon  as  possible.  One  may  wait  a  few  hours  so  that  symptoms 
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of  shock  may  be  overcome,  but  in  most  instances  delay  is  dangerous.     If  the 

patients  are  seen  after  a  few  days,  the  operation  should  be  done  without  any 

further  delay. 

The  spinous  processes  and  laminae  are  removed  in  the  usual  manner  and  the 

dura  widely  opened.  Fluid  blood  and 
clots  are  washed  out  of  the  spinal  canal 
by  means  of  gentle  irrigation  with 
saline  solution.  The  cord  will  usually 
be  found  more  or  less  congested,  often 
of  a  bluish  color.  If  it  is  much  swollen, 
it  should  be  punctured  with  a  fine  aspir- 
ating needle  and  any  small  collection  of 
blood  emptied.  Recently  A.  R.  Allen, 
of  Philadelphia,  has  published  a  very 

FIG.  33.— OLD  FRACTURE  OF  FIFTH  AND  SIXTH    valuable  experimental  s  t  u  d  y  demon- 

CERVICAL    VERTEBRAE    WITH    COMPRESSION  t.  ,.    .       .    . 

AND  ANGULATION  OF  CORD.     A,  The  de-    strating  the  value  of  incising  the  cord 
formity  of  the  vertebrae;   B,  the  compressed    to  relieve  the  dangerous  edema.     This 

and  angulated  cord;    C,  the  result    of    the 

free  removal  of  spines  and  lamina.  Operation   has,   Up   to  the   present  time, 

been   tried   only   a    few   times   in   the 

human  being,  but  I  believe  that  it  has  a  future.  In  the  section  on  intramedul- 
lary  surgery  I  have  shown  that  a  small  incision  in  the  cord  may  be  made  with 
safety  if  properly  done,  and  I  think  that  in  the  proper  cases  it  should  be  made 
in  the  condition  under  discussion. 
Operative  Interference  in  Old 
Fractures  of  the  Spine. — In  the 
present  state  of  medical  and  surgi- 
cal opinion  regarding  the  indica- 
tions for  operations  in  recent  frac- 
ture with  injury  to  the  spinal  cord 
it  is  inevitable  that  many  patients 
are  allowed  to  go  on  without  surgi- 
cal interference  who  should  have 
been  operated  upon.  In  some  pa- 
tients the  symptoms  of  cord  injury 
were  not  very  marked  for  weeks  or 
months  after  the  accident,  but  af- 
ter a  time  signs  of  serious  and 
progressive  interference  with  the 
cord  functions  appeared.  In  some 
patients  the  early  signs  of  cord  in- 
jury cleared  up  to  a  certain  extent, 
but  improvement  soon  ceased.  In  many  of  these  the  X-ray  examination  made 
long  after  the  injury  shows  that,  due  to  the  original  injury  or  to  new  bone 
formation,  there  is  a  marked  narrowing  of  the  vertebral  canal  and,  therefore, 


FIG.  34. — A — COMPRESSION  AND  ANGULATION  OF 
CAUDA  EQUINA  DUE  TO  OLD  FRACTURE  OF  THE 
SPINE.  B — THE  STRAIGHTENING  OUT  OF  THE  Co- 
NUS  AND  NERVES  AFTER  THE  LAMINECTOMY. 
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pressure  on  the  cord,  or  a  partial  di.-Io.-at  ion  of  tin-  |MM!V  or  a  lamina  of  one  or 
more  vertebra?,  which  has  caused  a  deeided  an^nlation  of  ti 

34).  Many  of  these  patients  an-  inrapai-itat.-d  on  aeemint  of  well-marked  paral- 
ysis of  one  or  more  extremities,  liv  means  of  laminertom  y.  with  free  removal  of 
spines  and  laminae  well  out  to  the  intem-rtebral  t-.ramina,  a  narrowed  spinal 
canal  can  be  much  widened,  pre>-nn- of  bone  HJ...H  nerve  roots  can  be  removed, 
and  marked  angulation  of  the  cord  straight.  n,,l  ,.u?  ,  I  ,-,.  ;;.;  ;i!.,i  .;;  l,y  allow- 
ing room  for  the  dural  sac  and  cord  to  bulge  backward.  In  some  of  these  pa- 
tients the  prominence  on  the  posterior  surface  of  the  i  r-tebru  ran  !*• 
removed  extradu rally. 

To  accomplish  this  the  dural  sac  must  be  carefully  drawn  to  one  side  and 
freed  from  the  posterior  surface  of  the  body  of  tin  A.  Considerable  ooz- 

ing from  the  plexus  of  veins  usually  takes  place.  Thi-  can  usually  be  controlled 
by  gauze  packings.  With  care  and  patience,  the  posterior  surface  of  the.  verte- 
bra can  be  well  exposed  so  that  the  offending  prominence  can  be  remove.!  with 
a  small  chisel  or  with  fine  rongeur  forceps. 

The  dura  must  always  be  opened,  so  that  any  adhesions  between  the  cord 
and  the  inner  surface  of  the  dura  can  be  divided. 

Results. — The  mortality  after  operations  for  fracture  of  the  spine  with 
injury  to  the  spinal  cord  has  been  very  large,  no  doubt  due  to  tbe  fact  that  many 
patients  with  a  hopeless  complete  crush  of  the  cord  were  subjected  to  operation. 
Fracture  of  the  spine  occurs  most  often  in  the  cervical  region,  and  if  the  injury 
to  the  cord  has  caused  a  complete  transverse  softening,  the  process  is  very  apt 
to  extend  upward  in  the  cord  and  to  hasten  the  fatal  outcome  through  medullary 
involvement.  When,  as  is  most  often  the  case,  the  cord  has  been  injured,  the 
prognosis  with  or  without  operation  is  very  serious.  Gurlt  collected  270  cases 
with  a  mortality  of  80  per  cent;  Burrell,  244  cases  with  a  mortalit 
per  cent. 

Thorburn  collected  56  cases  of  fracture  of  the  spine  with  operation,  with  a 
mortality  of  67.8  per  cent.  Lloyd  collected  185  cases;  in  82  cases  in  which 
immediate  operation  was  performed  there  was  a  mortality  of  72.2  per  c-« 
Chipault  collected  157  cases  from  the  literature;  of  these  79.5  per  cent,  died 
after  the  operation,  while  21.5  per  cent,  recovered  or  were  improved.  Smaller 
statistics  show  a  higher  death  rate. 

I  believe  that  the  surgeon  should  be  extremely  conservative  in  his  indications  for 
surgical  interference  in  recent  fracture  of  the  spine,  for  if  there  has  been  a  trans- 
verse crush  of  the  cord,  the  operation  will  not  benefit  the  patient  even  if  he  remain* 
alive,  and  if  he  has  not  a  transverse  lesion,  a  short  delay  will  not  do  great  harm. 

In  fractures  of  the  spine  of  months'  or  years'  duration,  the  rt*tilts  from  surgical 
interference  are  far  superior  to  those  just  mentioned,  and  I  have  seen  many  patients 
enormously  improved  by  the  laminectomy. 
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RHIZOTOMY  OR  DIVISION  OF  THE  POSTERIOR  SPINAL  ROOTS 

This  operation  was  originally  proposed  by  Dana,  of  New  York,  for  the 
relief  of  severe  pains  due  to  an  ascending  neuritis,  and  was  first  performed  by 
Bennett,  of  London,  in  1886,  and  Abbe,  of  New  York,  in  1888.  Since  that 
time  the  procedure  has  been  tried  in  a  number  of  conditions,  and  the  operation 
has  been  done  a  great  number  of  times. 

Indications. — The  indications  for  the  division  or  excision  of  the  posterior 
roots  are  the  following : 

1.  For  the  relief  of  pain. 

2.  For  the  relief  of  spasticity  (Foerster). 

3.  For  the  relief  of  the  gastric  crises  of  tabes  (Foerster). 

As  regards  the  first  of  these  indications,  the  following  may  be  said :  Inas- 
much as  the  posterior  nerve  roots  carry  all  sensations  of  pain  to  the  spinal  cord, 
one  would  have  expected  that  in  cases  of  intractable  neuritic  pain,  in  the  so- 
called  plexus  neuralgias,  in  malignant  disease  of  the  vertebral  column,  and 
other  painful  affections,  the  division  of  the  sensory  roots  of  the  cord  would 
abolish  the  painful  sensations.  While  relief  was  afforded  in  some  of  the 
patients,  very  little  result  or  no  result  was  obtained  in  many  others.  In  many 
of  them  an  insufficient  number  of  roots  was  divided,  while  in  others  pain  per- 
sisted after  the  division  of  a  large  number  of  posterior  roots.  Thus  Frazier 
cites  a  case  of  brachial  plexus  injury  in  which  the  sense  of  pain  was  not  alto- 
gether removed  from  the  affected  limb  even  after  the  division  of  all  the  roots 
from  which  the  brachial  plexus  receives  its  sensory  supply. 

This  variability  in  the  results  obtained  should  make  the  surgeon  very 
cautious  in  his  statements  as  to  the  amount  of  relief  that  will  follow  the 
operation. 

Division  of  the  posterior  roots  for  spasticity  was  first  proposed  by  Foerster, 
of  Breslau,  where  the  spasticity  and  spastic  paralysis  were  due  to  disease  of  the 
corticospinal  paths,  and  more  especially  the  pyramidal  tracts.  Basing  his  ob- 
servations upon  the  physiological  nature  of  muscle  tonus,  and  the  pathogeny 
of  muscle  spasticity,  he  showed  that  relaxation  of  spasm  must  and  did  occur 
when  the  proper  posterior  roots  were  divided,  when  the  sensory  part  of  the 
reflex  arc  was  excluded.  The  operation  may  be  indicated  in  congenital  spastic 
paraplegia,  in  spinal  spastic  paraplegias  due  to  trauma,  syphilis,  and  other  simi- 
lar conditions.  It  should  never  be  attempted  in  other  motor  disturbances  such 
as  athetosis  or  torticollis.  In  these  cases  the  muscular  spasms  are  not  due  to  an 
increased  influx  of  sensory  stimuli  to  the  cord,  but  to  an  increased  afflux  of 
motor  impulses  from  higher  centers. 

The  operation  should  never  be  attempted  unless  the  disease  process  has  become  sta- 
tionary or  is  advancing  very  slowly.  Therefore,  as  Foerster  has  pointed  out,  the  pro- 
cedure is  contra-indicated  in  most  cases  of  disseminated  sclerosis.  In  spastic  paralysis 
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first  be  removed;  in  Pott's  dii 


Eesection  of  the  posterior  roots  is  the  oiilv  di-finite  method  we  possess  for 
the  relief  of  the  visceral  and  more  especially  the  gaBtric  crises  of  tabes.  These 
crises  are  produced  by  the  irritation  of  t!,,  sensory  sympathetic  fibers  of  the 

abdominal  orpins,  winch  ii|KTs  run  in  the  j,,*t,  ,-ve  roots. 


Fia.  35. — X-RAY  SKETCH  OF  HIATUS  LEFT  AFTER  LAMINECTOMT  m  THE  LOWBB  LCMBAB  RBOMK. 


Roots  to  be  Divided, — In  many  of  the  patients  in  whom  posterior  spinal 
roots  were  divided  for  the  relief  of  pain,  spasticity,  or  the  gastric  crises  of  tabes 
no  result  was  obtained  because  too  few  roots  were  divided.  It  is  of  essential 
importance  that  the  surgeon  shall  have  a  thorough  understanding  of  the  areas 
of  the  skin  supplied  by  the  dorsal  nerve  roots  and  the  segments  «»f  tin*  cord  with 
which  these  roots  are  connected.  Sherrington  and  Griinbaum  have  demon- 
strated that  the  peripheral  sensory  areas  are  supplied  by  branches  of  3  pos- 
terior roots,  so  that  insensitiveness  of  the  skin  over  such  an  area  occurs  onlv 
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when  3  successive  nerve  roots  are  cut.  While  this  is  correct  in  most  instances, 
cases  have  been  reported  (Clark  and  Taylor,  Hildebrandt,  Elsberg)  where  the 
division  of  4  or  5  adjacent  lumbar  roots  produced  no  apparent  disturbance  of 
sensibility. 

It  should  be  a  general  rule  to  divide  rather  too  many  roots  than  too  few, 
and  for  the  relief  of  pain  always  to  divide  a  larger  number  of  roots  than  the 
number  which  is  known  to  supply  the  painful  area.  Thus  Foerster  has  shown 
that  the  sensory  supply  of  the  arm  is  derived,  not  only  from  the  fifth  to  eighth 
cervical  and  first  and  second  dorsal,  but  also  from  the  third  and  fourth  cervical 
and  the  third  dorsal.  The  sensory  supply  of  the  lower  limb  is  derived  from  the 
tenth,  eleventh,  and  twelfth  thoracic  as  well  as  the  lumbar  and  sacral  roots. 
Therefore,  in  order  to  relieve  painful  affection  of  an  extremity,  a  large  number 
of  roots  must  be  divided,  no  matter  how  extensive  the  anesthesia  which  results 
from  the  operation. 

When  posterior  roots  are  to  be  divided  for  the  relief  of  a  spastic  condition, 
the  roots  that  are  cut  can  be  so  selected  that  no  or  very  slight  sensory  dis- 
turbance follows  the  operation.  In  each  patient  the  spastic  muscles  must  be 
carefully  determined,  so  that  the  proper  nerve  roots  can  be  selected.  According 
to  Foerster,  the  following  is  the  relation  of  the  sensory  roots  to  the  muscles  of 
the  lower  extremities : 

Flexors  of  the  thigh — L  I  to  L  V,  S  I. 

Extensors  of  the  thigh — L  V,  S  I,  II. 

Adductors  of  the  thigh — L  II  to  L  IV  (L  Y). 

Abductors  of  the  thigh— L  V,  S  I,  II. 

Ext.  rotators  of  the  thigh— L  V,  S  I,  II. 

Int.  rotators  of  the  thigh — L  III  to  L  IV,  S  I,  II. 

Extensors  of  the  leg — L  II  to  L  IV. 

Flexors  of  the  leg— L  V,  S  I,  II. 

Dorsal  flexors  of  the  foot— L  IV,  V,  S  I. 

Plantar  flexors  of  the  foot — L  V,  S  I,  II. 

For  a  more  detailed  account  of  the  sensory  and  motor  nerve  supply  of  the 
individual  muscles,  the  reader  is  referred  to  the  large  tables  that  are  to  bo 
found  in  most  works  on  neurology.  Foerster  states  that  in  the  upper  extremity 
it  is  usually  necessary  to  divide  or  resect  at  least  the  fourth,  fifth,  and  eighth, 
or  the  fifth,  sixth,  and  eighth  cervical  roots,  but  I  have  had  an  incomplete  relax- 
ation of  the  upper  extremity  after  division  of  the  fourth,  fifth,  seventh,  and 
eighth  cervical  and  first  dorsal  roots.  In  the  lower  extremity  it  is  advisable, 
according  to  Foerster,  to  divide  the  second,  third,  fifth  lumbar  and  second 
sacral  roots. 

While  it  requires  much  care  and  good  judgment  not  to  divide  too  few  nerve 
roots,  it  must  be  remembered  that  if  too  many  nerve  roots  are  divided,  or  nerve 
roots  are  divided  that  are  reflexly  connected  with  muscles  that  are  more  para- 
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lyzed  than  spji>tie.,  too  great  a  relaxation  of  the  muscles  of  the  extremity  may 

result. 

When  tin;  posterior  root  section  is  performed  for  the  relief  of  the  gastric 
crises  of  tabes,  a  large  number  of  roots  have  to  bo  resected  or  <li\id<-d  ;md  an 
extensive  area  of  anesthesia  results.  Originally  F«M-r*ter  advi*-d  that  the  sev- 
enth to  tenth  dorsal  roots  should  be  resected  mi  both  >j. !«••.;  later  In-  declared 
that  the  sixth  to  the  twelfth  was  often  not  sufficient. 

Technic. — For    the    int  radii  nil    division    of    JK,  nerve    root*,    tho 

laminectomy  is  performed  in  the  usual  manner,  although  in  some  cases,  where 
only  a  few  roots  on  one  side 
Iiave,  to  be  cut,  the  unilateral 
laminectomy  recommended 
by  A.  S.  Taylor  may  be  suffi- 
cient. If  the  operator  knows 
to  a  certainty  which  spines 
and  laminae  he  has  removed, 
he  will  have  no  difficulty  in 
recognizing  the  nerve  roots 
he  is  to  divide. 

The  dura  is  incised  and 
the  edges  retracted  in  the 
usual  manner.  The  nerve 
roots  are  then  successively 
raised  upon  a  strabismus 
hook  near  their  point  of  ori- 
gin from  the  posterior  col- 
umn of  the  cord  and  divided 
with  a  fine  curved  iridectomy 
scissors.  The  divided  root 
is  then  grasped  with  a  fine 
forceps  and  cut  near  its  point 
of  exit  from  the  dura.  In 
this  procedure,  care  must  be 
taken  that  the  anterior  nerve 

root,  which  lies  just  in  front  of  the  posterior  root  near  the  dural  openii 
not  injured.  Occasionally  there  is  slight  bleeding  from  a  small  vessel  which 
runs  near  the  upper  border  of  each  nerve  root.  If  the  vessel  is  very  large, 
it  must  be  tied  with  very  fine  silk.  Usually  the  bleeding  is  inconsiderable 
and  easily  controlled  by  irrigation  with  warm  saline  solution.  When  the 
desired  roots  on  one  or  both  sides  have  been  divided,  the  dura  is  closed  by  a 
running  suture  of  silk,  and  the  muscles,  fascia  and  skin  are  brought  t- .-ether. 

The  operation  can  usually  be  completed  in  ' ._.  to  1  hour.  In  small  weak 
children,  care  must  be  taken  that  very  little  Mood  is  lost  and  that  the  operation 
is  performed  in  as  short  a  time  as  possible. 


Fio.  36.  —  X-RAY  SKETCH  or  CERVICAL  REGION  AFTER 
LAMINECTOMT. 


718     DISEASES    OF   THE    SPINAL   COED   AND    MENINGES 

After-treatment. — The  after-treatment  of  patients  who  have  had  a  laminec- 
tomy  and  division  of  posterior  roots  for  a  painful  affection  or  for  the  gastric 
crises  of  tabes  does  not  differ  from  that  after  a  laminectomy  for  any  other  dis- 
ease. When  the  operation  has  been  done  for  a  spastic  condition,  it  is  often  ad- 
visable to  bandage  the  affected  extremity  upon  a  straight  splint  if  the  relaxation 
is  complete.  After  the  return  of  voluntary  mobility,  a  long  and  carefully  man- 
aged after-treatment  is  necessary,  by  means  of  which  alone  the  control  of  the 
muscles  of  the  extremity  or  extremities  is  regained.  Therefore,  a  certain 
amount  of  intelligence  on  the  part  of  the  patient  is  necessary,  and  cases  of 
cerebral  diplegia  with  idiocy  are  unsuitable  for  the  operation.  Massage,  exer- 
cises, tenotomies,  and  other  orthopedic  treatment  are  usually  required  for  many 
months  or  several  years,  and  little  permanent  result  can  be  expected  unless  such 
treatment  is  conscientiously  carried  out.  This  has  led  some  critics  to  declare 
that  with  the  same  amount  of  treatment,  most  patients  would  show  the  same 
improvement  without  the  posterior  root  section.  This  I  believe  is  incorrect. 

Results. — The  following  tables  from  Eoerster's  paper  show  the  results  from 
the  operation  of  posterior  root  section  on  a  large  number  of  cases  collected  from 
the  literature. 

TABLE  I 
Root  Section  for  the  Relief  of  Pain 

44  cases,  6  deaths;  cervical  roots,  22  cases;  thoracic  roots,  11  cases;  lumbar  and 
sacral  roots,  11  cases. 

Results :    Successful,  12  cases ;  failures,  23  cases ;  results  unknown,  3  cases. 

TABLE  II 
Root  Resection  for  the  Relief  of  Gastric  Crises 

Total  number  of  cases 64 

Survivors    58 

Successful     56 

Failures     2 

Deaths    6 

Number  showing  no  relapse 29 

Number  showing  considerable  improvement 18 

Number  showing  small  improvement 9 

TABLE  III 

Root  Resection  for  the  Relief  of  Spasticity 
159  cases,  14  deaths 

88  cases  spastic  congential  paraplegia,  6  deaths. 

3  cases  hydrocephalus,  2  deaths. 

8  cases  of  infantile  spastic  paraplegia. 

4  cases  of  traumatic  spinal  spastic  paraplegia. 
1  case  of  spinal  tumor. 


OTIIKl;    SIMXAL    COMHlIn  7P., 

1  case  of  Pott's  disease. 

6  cases  of  syphilitic  spinal  spastic  paraplegia. 

11  cases  of  disseininat.  ,1  sclerosis,  4  deaths. 

23  cases  of  spastic  arm  paralysis,  2  death*. 

The  operative  results  in  the  hands  of  sii.-  -how  a  mor 

which  is  not  as  high  as  that  shown  in  the  tahl-  KUIIIHM 

L'  deaths  in  :il  operation,;   Kiselshei-  had  im  death*  amm,- 
performed    1  I  operations  without  fatality. 

In  iMMieral,  the  i-csiilts  fi-niii  p..~terior  root  section  for  xpa-tirity  are  better 
for  the  lower  extremities  than  for  tin-  upper  extremities. 

Guleke's  Method.—  (Julcke  has  re.-.-ntly  rec..mmended  tin-  extradural  divi 
sion  of  the  nerve  roots.  Laminectomy  U  performed  in  the  usual  manner,  tin- 
spinal  nerves  exposed  at  their  exit  from  the  dura,  the  sensory  separated  from 
the  motor  roots,  and  the  former  then  divided.  (Ju'eke  claims  that  the  extra- 
dnral  operation  is  less  dangerous  than  the  intradural  pr«N-i-dur«\  th.at  there  U 
less  danger  of  infection  of  the  meninnes  and  of  injury  to  the  cord.  The  method. 
which  was  suggested  by  Chipault  more  than  jn  years  ago,  has  not  found  favor 
with  surgeons  because  of  the  difficulty  of  separating  the  motor  from  the  sensory 
root  and  the  danger  of  injury  to  the  motor  rn..t. 

Stoffel's  Method. —  Finally,  as  germane  to  the  subject  of  the  treatment  ..f 
spasticity,  mention  must  be  made  that  Stotfel  has  reported  very  good  r» 
from  the  division  of  the  nerves  to  the  spastic  muscles  at  the  (mints  where  they 
enter  the  muscles.     This  operation  is  of  too  recent  date  to  allow  of  more  than 
its  mention. 


SURGICAL   TREATMENT   IN    OTHER    SPINAL    CONDITIONS 

Laminectomy  is  sometimes  required  in  other  diseases  Those  we  have 

mentioned.     Thus  in  osteomyelitis  of  a  vertebra  with  extradural  abscess,  I  have 
twice  had  to  perform  a  laminectomy  in  order  to  remove  diseased  bone  and  drain 
the  abscesses.    Sinuses  may  remain  after  a  periarticular  abscess  of  the  spine 
may  require  the  removal  of  spinous  processes  and  lamina-. 

The  operation  may  be  called  for  in  tuberculous  disease  of  tin-  spine,  and  in 
rare  conditions  such  as  actinomycosis  (Theobald's  Case),  hydatid  Theo- 

bald's case),  blastomycosis  (Brewer's  case). 

Of  very  recent  date  is  the  treatment  of  various  other  int rained ullary  aff« 
besides  tumors,  by  operative  means.    In  some  cases  of  hydr..iny,-Ii«  ami  syringonr 
laminectomy  with  incision  of  the  cord  and  drainairc  of  tin-  thud   into  the  subdural 
space  has  been  followed  by  marked  amelioration  of  symptoms  <  KM- 

Bailey  and  I  have  called  attention  to  the  de.-ompressivi*  aspects  of  the  operation 
of  laminectomy.  Marked  improvement  has  followed  in  some  cases  where  no  gross 
lesion  could  be  found  at  operation.  The  results  oMained  an-  pr-.hably  due  to  Changes 
in  the  spinal  circulation  from  the  laminectomy  or  to  the  entrance  of  air  into  the  spinal 
canal. 
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CHAPTER    XV 

SPINA    BIFIDA 
NORM  AN  SHABPE 

General  Considerations.— Spina  bifida  is  the  most  common  congenital 
anomaly  of  the  spine.  Occurring,  as  it  does,  once  in  800  l.irth*.  every  obrtet- 
rician  will  be  confronted  by  this  condition  at  least  once,  and  1 1,/ surgeon 
will  have  several  of  these  unfortunate  children  referred  to  him  for  treat- 
ment. Naturally,  the  only  successful  treatment  is  a  surgical  procedure.  Until 
the  last  few  years,  however,  the  majority  of  surgeons,  with  a  few  exceptions, 
have  regarded  the  condition  as  surgically  hopeless.  Except  in  the  simplest 
forms  of  spina  bifida,  the  tendency  has  been  to  defer  operation,  leaving  these 
children  to  an  almost  certain  death,  as  over  90  per  cent,  if  not  operated 
upon,  will  die  in  the  first  year  alone.  According  to  the  Committee  on  Spina 
Bifida  of  the  London  Clinical  Society,  of  647  deaths  of  children  with 
spina  bifida  reported  in  1  year,  612  were  under  1  year  of  age.  Even  with 
operation,  at  the  present  time,  the  mortality,  including  those  who  die  shortly 
after  operation  and  those  who  die  weeks  or  months  later  from  associated 
lesions,  is  almost  55  per  cent.  While  this  may  seem  a  tremendous  mortality 
in  these  days  of  comparatively  low  operative  death,  yet  as  a  life-saving  meas- 
ure the  surgical  treatment  has  an  advantage  of  40  per  cent,  over  the  p« 
of  non-interference.  With  a  better  knowledge  of  the  cause  of  this  condition 
and  improved  surgical  treatment,  however,  this  percentage  of  mortality  (55 
per  cent.)  should  be  much  lowered. 

The  .term  spina  bifida  is  used  to  designate  certain  oongautal  defects  in 
the  vertebral  column  due,  I  believe,  to  the  presence  in  fetal  life  of  an  abnormal 
amount  of  cerebrospinal  fluid  in  the  spinal  canal.  This  causes  a  pressure 
which  prevents  the  vertebral  segments  from  closing  or  separates  them  after 
closure  has  been  effected,  and  drives  out,  through  this  opening,  some  of  the 
contents  of  the  canal,  forming  a  sac  or  protrusion.  This  defect  and  pro- 
trusion occur  nearly  always  posteriorly,  tin  nigh  the  pressure  rarely  causes  a 
defect  in  the  bodies  of  the  vertebra  or  in  the  pedicles.  The  protrusion  may 
extend  forward  into  the  abdomen  or  pelvis,  the  spinal  arches  being  unaffected. 
There  are  at  times,  however,  both  an  anterior  and  posterior  defect  and  pro- 
trusion. 
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Since  the  report  of  the  Committee  on  Spin  a  Bifida  of  the  London  Clinical 
Society  in  1885  (46),  it  has  been  generally  taught,  in  accordance  with  the 
Committee's  findings,  that  spina  bifida  is  caused  by  lack  of  development  of 
the  laminae  of  the  vertebra?  so  that  they  fail  to  meet,  the  spinous  processes 
being  absent  and  the  bony  canal  remaining  unclosed.  In  the  case  of  anterior 
spina  bifida  the  theory  was  that  the  lack  of  development  lay  in  the  bodies  of 
the  vertebra?.  It  is  true  that  the  lamina?  in  most  cases  of  spina  bifida  show 
only  partial  development.  There  are  excellent  reasons  for  believing,  however, 
that  this  is  not  a  primary  condition,  but  is  due  to  their  being  kept  apart  and 
prevented  from  functionating.  An  analogous  condition  is  presented  in  the 
case  of  the  "false"  ribs,  so  called.  The  primary  and  inciting  cause  of  spina 
bifida,  as  will  be  discussed  later,  is  the  presence  in  the  spinal  canal  of  an 
increased  amount  of  cerebrospinal  fluid  in  fetal  life,  which  raises  the  intra- 
dural  pressure  to  an  abnormal  degree,  preventing  the  closure  of  the  bony 
canal.  This  increased  intradural  pressure,  acting  in  variable  amounts  during 
fetal  life  and  at  different  stages  of  fetal  development,  produces  the  different 
types  of  spina  bifida  with  which  we  are  afterward  confronted. 

As  to  the  causes  of  the  increased  amount  of  fluid  present  we  are  still  in 
ignorance.  The  underlying  factors  at  work  are  concerned  with  an  increased 
activity  of  the  choroid  plexuses,  or,  what  seems  more  probable,  an  obstruc- 
tion to  the  normal  outflow.  That  the  amount  of  intradural  pressure  neces- 
sary to  produce  spina  bifida  may  be  but  moderate  in  fetal  life  is  shown  by  the 
fact  that  in  the  grater  number  of  infants  born  with  spina  bifida  there  exists 
little,  if  any,  external  evidence  of  hydrocephalus  or  of  other  signs  of  intra- 
cranial  pressure.  That  the  primary  inciting  causes  of  abnormal  production 
of  cerebrospinal  fluid  still  exists  after  birth,  in  the  majority  of  cases,  is  shown 
by  the  fact  that  following  operation  for  spina  bifida,  where  the  protrusion  is 
removed  and  the  defect  closed,  hydrocephalus  will  develop,  and  that  the  earlier 
these  infants  are  operated  upon,  the  more  likely  is  hydrocephalus  to  follow. 
It  seems  as  though  the  increased  pressure,  by  causing  a  vent  in  the  spinal 
column  with  the  protrusion  of  a  fluid-filled  sac,  in  this  manner  affords  re- 
lief; while  the  abnormal  activity  of  the  choroid  plexuses  ceases  for  the  time 
being  and  sometimes  permanently.  That  this  pressure  is  not  always  mod- 
erate in  amount,  but  may  be  quite  severe,  is  shown  by  those  cases  of  spina 
bifida  in  which  there  is  a  double  gap  in  the  bony  canal  occurring  at  different 
levels,  as  reported  by  Reineking,  and  by  those  cases  of  spina  bifida  which  are 
associated  with  protrusions  in  the  cranium,  as  reported  by  MacArtney  and 
also  by  Rachford,  Phillips,  and  others. 

Etiology. — Various  theories  have  been  put  forward  in  the  past  as  to  the 
causative  influences  at  work  in  the  production  of  spina  bifida.  The  first 
noteworthy  work  in  this  regard  was  carried  out  by  the  London  Clinical  So- 
ciety. It  appointed  a  Committee  on  spina  bifida  which,  after  an  exhaustive 
review  of  cases,  made  its  report  in  1885  (4G).  Only  those  cases  were  con- 
sidered which  the  Committee  had  personally  investigated,  or  which  were  cor- 
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rectly  reported  beyond  a  doubt.  Of  the  whole  number  of  cue*,  125  of  which 
were  specimens  from  museums,  the  sex  was  reports:  8  a-  follows:  82 

females,  74  males.     Of  1,708  cases  report,,!  in,,,,  all   |-  wero  fe- 

males  and  779  were  males.     Demmo  reports  in  :,7  ru*-  ualeu  and  26 

males.  Apparently,  therefore,  spina  hitida  occurs  foniewhat  more  frequently 
in  females. 

As  to  the  etiology  the  Committee  reported  as  follows: 

"The  anatomy  of  spina  bifida  assumes  a  primary  defect  of  development  of  the 

mesoblast,  from  which  the  structures  closing  th«-  v.-rt.-hrd  furrow  are  developed* 
After  the  closure  of  the  neural  furrow  it  would  app.-ar  that  the  procewea  of  meaobUst 
which  should  insinuate  themselves  between  the  primitive  q  .1  iU  overlying 

epiblast,  are  formed  in  an  insufficient  decree  to  meet  ami  c..inl,:  f  th,- 

cord  occurs  in  95  per  cent,  of  the  cases.  This  failuiv  in  ,1,-v, •!.,,„.»« -nt  ,,f  th,-  m»obU«t 
occurs  before  the  spinal  cord  is  segmented  from  th.-  .-pil.la-t  fn.ii,  whi.-h  it  ii  devel- 
oped. Hence  it  remains  adherent  to  the  epil.hi>ti<-  OOFOrfalg  :md  th,-  -trm-tun-*  whi.-h 
should  be  formed  between  the  cord  and  skin  an-  nnd.-\.-l.,|, 

This  theory  has  been  generally  accepted  until  the  present  time. 

Amniotic  adhesions  have  been  cited  as  the  cause  of  spina  bifida.  Ac- 
cording to  this  theory  the  traction  of  amniotic  bands  prevents  the  mesoblastic 
tissues  from  crossing  over  between  the  epiblast  and  cord,  and  the  medullary 
groove  remains  open.  This  theory  has  been  given  but  slight  suppo  i-ste, 

Morgan  and  Tsnda,  and  others  have  produced  spina  bifida  in  tin-  cmbrvos  of 
chicks  and  amphibians  by  chemical,  mechanical,  and  thermal  stimulation.  The 
embryos  of  amphibians  have  no  amnion. 

Kyphosis  of  the  fetal  spine  due  to  exaggerated  curvature  <»f  the  vertebral 
column  has  been  advanced  as  a  cause.  According  to  Lebedeff,  these  abnormal 
curves  of  body  and  spine  cause  spina  bifida  by  disturbing  the  development  of 
the  cord.  If  this  were  true,  however,  the  majority  of  cases  of  spina  bifida 
would  occur  in  the  upper  dorsal  and  cervical  regions,  instead  of  in  the  lumbo- 
sacral  region,  where  they  are  commonly  found.  Furthermore,  in  meningocele, 
spina  bifida  occulta,  and  in  most  cases  of  myelomeningocele.  the  cord  is  found 
fully  developed.  Nor  does  this  theory  explain  spina  bifida  anterior. 

A  tumor  in  the  central  canal  of  the  cord,  causing  pressure  by  its  presence 
and  preventing  the  coming  together  of  the  lamina-,  has  also  been  considered 
as  a  cause  of  spina  bifida.  Even  if  true,  it  could  be  responsible  for  only 
a  small  percentage  of  the  cases. 

The  findings  of  the  Committee  of  the  London  Clinical  Society  that  spina 
bifida  is  due  to  a  lack  of  development  of  flic  lamimr  so  that  they  fail  to  meet 
in  the  median  line  and  thus  cause  a  defect  or  gap  in  the  l»oiiy  canal,  have,  as 
stated  above,  been  generally  accepted  until  the  pn-ent.  That  this  lack  of  de- 
velopment of  the  laminae  and  other  mesoblastic  tissues  is  not  the  primary  cause, 
there  is  good  reason  to  believe.  A  short  review  of  the  embryology  of  these 
tissues  is  necessary  to  a  clear  understanding  of  the  processes  involved.  The 
spinal  cord  is  developed  exclusively  from  the  epiblast,  as  is  also  the  skin.  The 
48B 
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cord  is  formed  by  an  invagination  of  the  epiblast.  The  epidermis  is  then 
formed  across  the  middle  line,  but  remains  adherent  to  the  primitive  cord  until 
the  tissues  formed  from  the  mesoblast  (meninges,  bone  and  muscle)  arrange 
themselves  around  the  primitive  cord  and  push  their  way  between  the  cord 
and  epiblastic  covering,  thus  separating  the  cord  and  skin. 

The  vertebrae  are  developed  from  4  centers  of  ossification,  1  for  each 
lateral  half  of  the  body  and  1  for  each  lamina.  The  centers  for  the  laminae 
appear  at  the  second  month  and  extend  backward  and  inward  to  meet  and 
form  the  posterior  arch  of  the  bony  canal,  separating  the  cord  and  skin.  This 
separation  should  be  completed  in  the  third  month  of  fetal  life. 

The  choroid  plexus  of  the  lateral  ventricles  of  the  brain  is  formed  be- 
tween the  sixth  and  eighth  weeks,  so  that  the  cerebrospinal  space  forms  and 
contains  fluid  before  the  mesoblastic  structures  have  entirely  surrounded  the 
cord  and  separated  the  skin  and  cord,  which,  as  stated  above,  normally  occurs 
in  the  third  month.  Therefore,  if  there  is  excessive  secretion  of  cerebrospinal 
fluid  or,  what  is  more  likely,  any  obstruction  to  its  normal  outflow,  this  in- 
creased amount  of  fluid  will  by  pressure  prevent  at  some  point  the  closure 
of  the  bony  canal,  or  will  extrude  the  cord  or  its  coverings  at  the  point  where 
solid  closure  is  least  advanced. 

The  laminae  arch  over  and  meet  in  the  median  line  to  complete  the  closure 
of  the  bony  canal,  first,  in  the  dorsal  region.  From  this  point  the  closure 
normally  extends  upward  and  downward,  the  cervical  region  closing  next,  and 
the  lumbar  region  being  last  in  order. 

Where  do  the  majority  of  spinaa  bifidaB  occur?  According  to  Moore,  who 
made  a  report  of  385  cases — and  his  findings  accord  closely  with  those  of 
other  observers — the  locality  is  distributed  as  follows:  Lumbar  region,  34 
per  cent. ;  sacral,  23  per  cent. ;  lumbosacral,  29  per  cent. ;  cervical,  9%  per 
cent. ;  dorsal,  4%  per  cent.  We  see,  therefore,  that  1/3  of  the  cases  of  spina 
bifida  occur  in  the  lumbar  region  alone,  and  that  in  the  lumbar  and  sacral  re- 
gions combined,  which  regions  of  the  bony  canal  are  the  latest  in  closing,  86 
per  cent,  of  all  cases  occur.  Hence  it  is  clearly  evident  that  any  increased 
pressure  within  the  canal,  before  or  during  the  time  that  the  bony  arches 
are  being  completed,  will  find  a  vent  at  the  point  unclosed  or  where  closure 
is  least  advanced — the  lumbosacral  region;  and  that  this  relief  of  pressure 
will  permit  of  closure  of,  or  not  disturb  if  closed,  the  dorsal  and  cervical 
regions.  .  The  early  closure  of  the  dorsal  region  also  explains  why  the  smallest 
number  of  spinae  bifidse,  only  4%  per  cent.,  are  found  in  this  region. 

If  the  excessive  secretion  or  blocking  of  normal  outflow  occurs  very  early 
in  fetal  life,  there  may  be  entire  absence  of  covering  of  brain  and  cord  with 
only  rudimentary  development  of  these  structures — a  condition  known  as 
rachischisis,  an  extreme  form  of  spina  bifida.  E.  H.  Hatton  reports  the 
case  of  a  stillborn  child  of  about  36  weeks  with  rachischisis,  the  bony  cov- 
erings of  brain  and  cord  being  absent  from  the  vertex  down  to  the  lower 
lumbar  region.  The  brain  was  but  rudimentary  and  the  2  halves  of  the  cord 
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had  not  united,  but  the  ventricles  and  choroid  plexus  were  well  developed, 

showing  that  secretion  of  cerebrospinal  fluid  had  taken  plan*.  Thin  full 
development  of  ventricles  and  choroid  plexus  is  commonly  f..m.d  iu  rtchb- 
chisis.  It  is  an  interesting  fact,  and  one  that  may  have'  a  bearing  on 
matter  of  large  secretion,  that  in  many  cases  of  bjdrunnkM  uteri  the  fetus 
is  found  to  be  affected  with  hemicephaltll  or  >pina  l.iti.la.  Witham  reporU  a 
woman  in  labor  with  hydramnios.  On  rupturing  the  membrane*.  n«  of 

fluid  came  away.     The  child  was  stillborn,  th.-  .M-dput   IM.,!,-  al^-nt  ami  tin- 
brain  and  cord  being  exposed  down  to  the  last  dorsal  n  be  fourth 

ventricle  was  open. 

Another  point  against  the  theory  that  tin*  lack  of  development  of  the 
laminae  is  the  primary  cause  of  spina  bitida  i>  that  after  n|MTation  ,,„  Kpina 
bifida,  especially  in  very  ynuii»-  children  where  the  hul-int:  sae  M  excised. 
thus  removing  pressure,  the  stunted  lauiin:e  may  take  ..M  new  growth  and 
enlarge.  Paterson  reports  a  child  of  two  months  with  meninp.mNc!.*-. 
dorsolumbar  region,  in  which  he  removed  the  sac  and  c  the  gap  with 

healthy  skin.     The  child  dying  two  months  later,   autopsy   revealed  the  fact 
that  the  lamina  had  grown  considerably  and  reduced  the  ^ap  to  a  narrow  slit 

In  skiagraphs  of  the  spinal  column  in  cases  of  spina  bifida  I  have  no- 
ticed that  the  bodies  of  the  vertebrae  in  the  region  of  the  deft  are  much  broader 
than  those  above  this  region,  a  condition,  doubtless,  for  which  the  pressure 
is  responsible.  If  we  teach  that  spina  bifida  is  due  primarily  to  defects  in 
the  bony  canal,  and  that  the  increased  amount  of  fluid  and  pressure  is  a 
secondary  and  resulting  condition,  how  shall  we  explain  those  cases  of  spinal 
protrusions  where  there  is  no  bony  defect,  but  the  sac  is  forced  out  through 
the  spinal  ligaments  between  the  laminae,  as  in  cases  reported  by  Macewen, 
Davis  and  others.  J.  P.  Good  demonstrated  a  spina  bifida  in  the  neck  re- 
gion of  a  ferret  embryo,  in  which  the  vertebral  bo<li<>  were  in  the  early  stages 
of  cartilage  formation.  There  was  quite  a  sharp  flexure  at  the  site  of  the 
defect,  and  the  laminae  were  stunted  and  separated.  The  suharachnnid  space 
was  enlarged  and  there  was  an  increased  amount  of  fluid  present,  which  he 
ascribed  to  the  mechanical  irritation  of  the  flexure.  The  neck  region  is  the 
most  common  site  of  these  flexures  and  yet  by  fur  the  greater  number  «»f 
spinae  bifida?  occur  in  the  lumbar  region,  so  that  it  is  more  than  probable  that 
the  spina  bifida  was  due  to  the  increased  fluid  with  pressure,  and  not  the 
contrary. 

Experiments  carried  out  by  me  upon  animals  in  the  Carnegie  Labor* 
New  York  City,  show  that  iutradural  pressure  will  cause  a  hulirim:  of  the 
spinal  meninges  in  an  area  where  the  bony  arches  are  absent.  Lumbar  laminec- 
tomies  were  done  upon  young  dogs,  the  dura  not  IMMUI:  opened  and  the  mus- 
cles of  the  back  held  away  from  the  defect  by  sutures  so  that  the  pap  waa 
covered  only  by  skin.  An  area  of  the  skull  was  removed  and  pressure  ap- 
plied to  the  head  and  maintained  for  several  days.  Autopsy  showed  a  per- 
manent bulging  at  the  site  of  the  laminectomy.  It  is  easily  conceivable  that 
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even  a  small  amount  of  pressure  in  early  fetal  life  will,  by  distention,  prevent 
the  closure  of  the  spinal  canal.  Of  course,  it  is  impossible  to  prove  by  ex- 
periments such  as  I  have  described,  whether  the  defect  precedes  the  pressure 
or  vice  versa,  but  I  believe  from  the  facts  I  have  put  forward  that  it  can 
safely  be  regarded  as  true  that  the  accumulation  of  fluid  with  consequent 
pressure  is  the  cause  of  the  defect. 


VARIETIES   OF  SPINA  BIFIDA 

Rachischisis. — Kachischisis,  which  may  be  either  total  or  partial,  is  an 
extreme  form  of  spina  bifida  and  due  to  the  same  cause,  that  of  increased 
intradural  pressure.  Rachischisis  represents  a  condition  in  which  the  in- 
creased pressure  was  exerted  very  early  in  fetal  life,  at  a  time  when  the  cord 
and  its  membranes  were  in  a  rudimentary  state,  in  contradistinction  to  the 
other  forms  of  spina  bifida  which  originated  when  the  cord  was  well  developed. 

In  total  rachischisis,  the  pressure  was  exerted  at  a  time  before  the  medul- 
lary groove  had  made  an  attempt  at  closure,  so  that  the  entire  spinal  canal  is 
open,  the  skin,  bony  arches  and  membranes  are  absent,  and  the  cord,  being 
split  open  and  only  partially  developed,  the  lining  of  the  central  canal  of 
the  cord  and  the  layer  of  pia  carrying  blood-vessels  are  exposed.  Total  rachis- 
chisis  is  accompanied  at  times  by  anencephalus,  so  that  from  brow  to  coccyx 
there  is  a  wide  gutter-like  canal,  in  the  trough  of  which  lies  the  mass  of  un- 
developed brain  and  cord.  This  condition  is  usually  accompanied  by  abnor- 
mal curvatures  of  the  spinal  column,  especially  in  the  cervical  and  dorsal 
regions. 

In  partial  rachischisis  only  a  part  of  the  bony  canal  is  deficient,  and 
only  a  part  of  the  cord  is  in  a  rudimentary  state.  The  term  myelocele  is  used 
by  some  writers  to  designate  the  condition  of  partial  rachischisis.  But  as 
rachischisis,  either  total  or  partial,  is  incompatible  with  life  and  of  little 
interest  from  a  surgical  point  of  view,  it  is  much  simpler  and  less  confusing  to 
use  the  term  partial  rachischisis  in  describing  this  condition  of  incomplete 
spinal  fission.  Total  and  partial  rachischisis  are  fundamentally  the  same 
thing,  only  differing  in  degree.  They  are  both  extreme  forms  of  spina  bifida, 
differing  from  spina  bifida  in  that  in  rachischisis  the  spinal  canal  is  open  and 
the  cord  spread  out  and  exposed,  while  in  spina  bifida  the  cord  is  covered  by 
skin  or  a  membrane,  and  the  central  canal  of  the  cord  does  not  open  externally. 

Partial  rachischisis  is  commonest  in  the  lumbosacral  region,  where  the 
laminae  are  latest  in  closing  and  where  the  increased  pressure  exerts  its  greatest 
force.  The  open  condition  of  the  cord,  with  the  central  canal  exposed  and  the 
blood-carrying  layer  of  pia  spread  out,  gives  it  a  resemblance  to  mucous  mem- 
brane or  nevoid  tissue,  the  "area  medullovasculosa"  of  Recklinghausen.  At 
the  margin  of  this  area  is  a  shining  membranous  structure,  which  blends  with 
the  skin,  and  under  the  skin  near  the  membranous  junction  on  either  side  can 
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be  felt,  and  usually  seen,  the  elevations  «.„„*,!  In  ,|,(.  ,.,„),  ,,f  „„.  rll(iim,-UUrv 
lamina.    In  less  severe  forms  of  partial  raHn^hi-,,  ,)„•  n.ntru\  ,,llla|  ,,f  the 


,,lla    ,,       e 

cord  opens  onto  the  skin  surface  at  the  upper  and  lower  polea  of  the  defect  the 
intervening  space  being  covered  by  a  membrane  composed  of  the  blending  of 
the  endothehal  lining  of  the  central  canal  with  .)„•  ,U,,,  accompanied  by  a 


FIG.  1. — MYELOMENINGOCELE,  WITH  THE  SAC  OPENED. 

constant  leakage  of  cerebrospinal  fluid  onto  the  surface.     MacLulich  reports 
a  typical  case  of  this  character. 

Partial  rachischisis  is  of  little  interest  surgically,  for,  as  stated  alx- 
is  incompatible  with  life,  the  infants  living  but  a  few  days,  although  a  child 
with  partial  rachischisis  reported  by  Kachford  lived  3  weeks. 

Myelomeningocele. — Myelomeningocele  is  the  most  frequent  type  of  spina 
bifida  found  in  children  who  survive  their  birth.  It  is  found,  as  variously 
estimated,  in  from  60  to  80  per  cent,  of  all  cases.  It  is  that  type  of  spina 
bifida  in  which  the  cord  is  fully  formed,  but  the  cord  or  part  of  it,  with  the 
nerve  roots,  is  not  lying  in  the  spinal  canal  but  in  the  sac  protruding  through 
the  spinal  cleft.  This  is  due  to  the  fact  that  the  abnormal  pressure  was  ex- 
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erted  at  a  time  when  the  cord  was  almost  completely  formed,  but  before  the 
mesoblastic  plates  in  which  the  laminae  are  developed  had  time  to  join  in  the 
median  line,  thus  separating  the  cord  from  the  skin;  so  that  as  the  skin  was 
forced  outward  to  form  the  sac  wall,  the  adherent  cord  and  nerve  roots  were 
drawn  out  of  the  spinal  canal.  Commonly  there  is  a  fairly  large  bony  defect, 
usually  involving  2  or  3  or  several  vertebrae.  Of  course,  if  the  cleft  is  low 
down  in  the  lumbar  region,  the  sac  contains  only  the  roots  of  the  cauda  equina. 

Myelomeningocele  is  common  in  the  lumbar  region,  infrequent  in  the 
dorsal,  and  rare  in  the  cervical  regions.  These  tumors  are  always  sessile.  The 
base  of  the  sac  is  covered  by  normal  skin,  but  the  summit  is  covered  by  a  mem- 
branous structure  composed  of  epithelium  blended  with  the  arachnoid  and 
pia.  The  dura  is  always  absent  in  myelomeningocele,  extending  only  to  the 
membranous  skin  junction,  and  at  times  only  to  edges  of  the  bony  defect.  The 
sac  contains  fluid,  and  the  nerve  elements  may  lie  free  floating  in  the  fluid,  but 
more  commonly  are  attached  to  the  posterior  wall  of  the  sac  in  the  median 
line,  or,  just  as  frequently,  are  found  spread  out  over  the  posterior  wall  of 
the  sac  and  intimately  blended  with  it.  If  the  protrusion  is  in  the  upper  lum- 
bar region,  at  the  point  where  the  conus  is  adherent  to  the  sac  wall  there  is  an 
inversion  or  dimpling  of  the  sac  wall  in  the  median  line.  If  the  cleft  is  in  the 
lower  lumbar  or  upper  sacral  region,  there  is  a  broad  furrow  in  the  median 
line  of  the  sac  wall,  marking  the  attachment  of  the  cauda  terminalis.  If  the 
defect  is  in  the  cervical  or  dorsal  region,  as  but  rarely  happens,  the  cord  quits 
the  lower  part  of  the  sac  to  re-enter  the  spinal  canal. 

In  myelomeningocele  there  are  often  found  small  nerve  filaments  running 
into  the  sac  wall  and  ending  there.  These  fibers  can  be  safely  cut  without 
disturbing  function  in  the  lower  extremities,  as  they  are  not  true  parts  of 
cord  or  roots.  They  are  due  to  the  fact  that  in  myelomeningocele  the  pro- 
trusion of  nerve  elements  occurs  in  fetal  life  coincidentally  with  the  later 
stages  of  cord  development;  hence  these  small  filaments  given  off  to  the  sac 
wall. 

Encircling  the  area  where  the  skin  and  membranous  summit  of  the  sac 
meet,  there  is  a  ring  of  connective  tissue.  This  contains  dilated  plexuses  of 
vessels,  muscle  fibers  and  at  times  the  rudimentary  and  undeveloped  laminae. 

The  protrusion  is  usually  unilocular,  but  occasionally  there  may  be  small 
cavities  irregularly  arranged  and  communicating  with  the  larger  sac.  At 
times,  due  either  to  lessened  intradural  pressure  or  to  traction  of  the  adherent 
nerve  elements,  or  to  both  factors,  there  is  distinct  inversion  or  umbilication 
of  the  sac,  so  that  the  whole  membranous  summit  is  depressed  or  cup-shaped. 
If  the  vertebral  defect  is  narrow,  the  protruding  nerve  structures  may  com- 
pletely block  the  aperture. 

The  membranous  apex  of  the  sac  may  be  quite  firm  and  strong.  Usually, 
however,  it  is  thin  and  dotted  over  with  several  ulcerating  areas  and  moist 
with  the  cerebrospinal  fluid,  which  sweats  through.  Occasionally  the  presence 
or  even  the  attachment  of  the  cord  and  roots  in  the  sac  wall  is  not  accompanied 
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by  any  disturbance  of  function,  but  more  commonly  the  reverse  is  true.    More 

or  less  severe  paralysis  of  the  lower  i-xtremiti,.. 

paraplegia,  less  often  sensory  disturbance,  often   in,  \em 

often  incontinence  of  feces,  and  very  often  in.-mii|>l<  •  ,|  nf  v,.Mra|  „£ 

anal  sphincters.    At  times  there  are  present  tin-  \.mnu*  f.,rmi  of  .-lulrfoot  and 
trophic  and  pressure  ulcers. 

Syringomyelocele.— Syringomyelocele  is  the  name  pven  U>  that  rare  \u 
of  spimi  bitida  in  which  there  is  a  pminiMni,  du«-  t..  '  ..ulatinn  .,f  fluid 

in  the  central  canal  of  the  cord,  causing  great  dilatation  ,,f  the  cord,  the  pres- 
sure preventing  the  lamina-  from  elnsini:,  the  dorsal  jN.rtion  of  the  cord,  with 
the  dura  and  arachnoid,  heimr  pushed  nut  through  tin-  deft.  Thug,  in  thi- 
of  spina  bifida  we  have  a  protrusion  which  is  covered  with  normal  skin  or 
else  has  a  membranous  apex,  and  the  inner  lining  of  the  sac  is  formed  by  the 
cord  itself.  The  skin  is  separated  from  the  sac  wall  (which,  as  just  stated, 
is  the  spread-out  cord  itself)  by  the  areolar  tissue  on  the  arachnoid;  but  very 
commonly  the  skin  and  sac  wall  are  blended,  due  to  pressure  or  inflammatory 
action.  The  great  accumulation  of  fluid  in  the  central  canal  of  the  cord  causes 
atrophy  and  attenuation  of  the  cord  elements.  In  some  cases  the  cord  is  so 
distended  with  fluid  that  in  its  dorsal  portion  it  is  reduced  to  a  layer  of  pia 
with  a  few  remnants  of  nerve  elements.  As  it  is  the  cord  itself  w-hirh  forms 
the  inner  sac  wall,  the  nerves  do  not  traverse  the  fluid  in  the  eavity  «,f  the  sac, 
but  run  on  the  convexity  of  the  sac  to  reach  their  foramina,  covered  by  dura 
and  arachnoid. 

In  Syringomyelocele  the  gathering  of  fluid  and  beginning  protrusion  take 
place  in  fetal  life  after  the  neural  canal  is  fully  formed.  This  variety  of  spina 
bifida  occurs  usually  in  the  lumbar  region;  it  may  U>  found  in  the  cervical 
region,  rarely  elsewhere.  It  is  a  curious  fact  that  normally,  in  late  fetal  life, 
the  central  canal  of  the  cord  becomes  quite  small  and  slit-like  in  the  dorsal 
and  cervical  regions,  but  remains  quite  large  in  the  lumbar  region  almost  until 
birth.  An  excess  of  fluid  here,  with  consequent  pressure  in  early  fetal  life, 
readily  accounts  for  the  greater  frequency  of  Byringoniyekwele  in  the  lumbar 
region.  This  type  of  spina  bifida  is  very  rare.  The  Committee  of  the  London 
Clinical  Society,  in  the  125  cases  of  specimens  from  museums  they  investi- 
gated, found  only  2  authentic  cases.  An  illustration  of  the  force  exerted  by 
the  accumulated  fluid  and  proof  of  the  fact  that  the  protrusion  depends  not 
on  a  cleft  or  defect  in  the  bony  walls  of  the  spine,  but  rather  on  the  pressure 
in  the  spinal  canal,  are  given  by  a  case  reported  by  I»avi-  in  which  the  pro- 
trusion occurred  in  the  lower  cervical  region  accompanied  by  hydrocephalus 
and  bulging  eyeballs.  The  child  died  after  operation  and  autopsy  showed  no 
defect  in  the  bony  arches.  The  sac  had  been  pushed  out  through  the  ligaments 
between  the  arches  of  the  seventh  cervical  and  first  dorsal  vertebra*,  and  con- 
tained part  of  the  posterior  columns  of  the  cord.  The  central  canal  of  the 
cord  was  greatly  dilated.  There  was  no  paralysis,  evidence  of  the  great  pres- 
sure the  cord  can  endure  and  still  functionate. 
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Syringomyelocele  is,  as  a  rule,  so  translucent  that  in  this  respect  it  is 
often  mistaken  for  meningocele,  but  the  reason  that  there  are  no  shadows 
cast  is  that  the  nerve  elements  are  flattened  and  attenuated  and  do  not  traverse 
the  fluid  contents,  but  run  on  the  outside  of  the  sac  wall,  which  is  formed  by 
the  dilated  cord. 

Spinal  Meningocele, — Spinal  meningocele  occurs  in  order  of  frequency  sec- 
ond to  myelomeningocele.  Owing  to  the  different  classifications  of  spina 
bifida  by  various  writers,  it  is  somewhat  difficult  to  estimate  its  percentage. 
By  some  writers  it  is  regarded  as  very  common  and  by  others  as  very  rare. 
Muscatello  reports  it  once  in  13  cases,  Hildebrand  found  it  7  times  in  30  cases, 
while  the  Committee  of  the  London  Clinical  Society  found  it  27  times  in  their 
more  than  230  cases.  It  has  been  variously  reported  as  occurring  in  8  to  12 
per  cent,  of  all  forms  of  spina  bifida.  It  is  certainly  not  rare,  but  is  not  so 
common  as  myelomeningocele.  In  meningocele  the  gap  or  defect  is  usually 
a  small  one,  involving  but  1  or  2  of  the  bony  arches.  Several  cases  have  been 
reported  in  which  there  were  no  defects  in  the  vertebrae,  the  dura  and  arachnoid 
protruding  through  the  inter  vertebral  ligaments,  clearly  demonstrating  the 
causative  factor,  that  of  increased  and  abnormal  pressure. 

The  cleft  is  usually  in  the  median  line,  but  may  be  to  one  side,  involving  the 
laminae  of  one  side  only.  The  cord  and  nerves  occupy  their  normal  position 
in  the  spinal  canal  and  are  not  involved  in  the  protrusion,  though  at  times, 
due  to  pressure  or  irritation  of  the  sac  from  without,  inflammatory  changes 
are  set  up,  and  motor  and  sensory  disturbances  occur  in  the  lower  extremities. 

Spinal  meningocele  is  situated  usually  in  the  lumbosacral  or  sacral  regions, 
uncommonly  in  the  cervical,  and  very  rarely  in  the  dorsal  region.  The  sac 
is,  as  a  rule,  entirely  lined  with  dura,  the  fluid  being  in  the  subdural  space. 
The  protrusion  is  often  pedunculated,  even  when  overlying  a  fairly  wide  ver- 
tebral defect.  Rarely,  where  the  sac  has  a  slender  pedicle,  and  there  is  a 
narrow  bony  defect,  the  opening  into  the  canal  becomes  obliterated  by  fibrous 
tissue,  and  the  tumor  undergoes  spontaneous  cure.  The  protrusion  is  usually 
entirely  covered  by  normal  skin,  though  occasionally  a  small  area  at  the  summit 
is  membranous. 

Spina  Bifida  Occulta. — Spina  bifida  occulta  is  that  form  of  spina  bifida  in 
which  there  is  a  cleft  in  the  bony  canal,  but  no  protruding  sac.  It  is  the  most 
interesting  form  of  spina  bifida  from  a  pathological,  diagnostic  and  surgical 
point  of  view.  It  represents  a  modification  of  the  previously  described  forms 
of  spinal  bifida  in  which  the  herniated  sac  was  originally  present  in  fetal 
life,  but  has  disappeared,  owing  either  to  lessened  intradural  pressure  or  to 
rupture  with  consequent  contraction  and  disappearance  of  the  tumor.  That 
rupture  of  the  sac  with  survival  of  the  fetus  does  take  place  in  intra-uterine 
life  is  shown  by  the  fact  that  often  a  scar  can  be  seen  in  the  skin  over  the 
bony  defect  at  the  site  of  the  former  protrusion.  Guthrie  reports  an  interest- 
ing case  of  this  character.  The  skin  over  the  defect  may  be  coarse,  wrinkled 
and  pigmented,  or  there  may  be  a  scar  present  as  mentioned  above.  In  about 
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one  half  the  cases  of  gpina  bifida  occulta  there  U  .  growth  of  coarae  bUek  h. 
over  the  region  of  the  defect.     No  sati.factory  explanation  of  thi.  hyper- 
trichoBU,  has  yet  been  advanced.     When  pre^t  it  i.  pathognomoni^     iTb 

an  interesting  fact  that  a  growth  of  coarae,  f,,irlv  \..ni!  l,:,,r  i*  praMDt  in  m.nv 
cases  of  raclnschisis  along  the  edges  of  the  dcf.-t.     A,  ti,,1M  .  |i,,.)ma  dernv 
or  other  form  of  tumor  occupies  th«  ,.|,.f,  or  ,|,,.  .^.U-uUneout  t,«u» 
the  cleft.    If  a  lipoma,  it  may  be  of  th .linary  vu,  ,t  i. 


FIG.  2. — MENINOOCELE,  WITH  THE  SAC  OPKKKD. 

diffuse,  noncapsulated,  and  spreads  out  over  the  area  surrounding  the  defect 
At  times  a  lipoma  is  found  in  the  tissues  over  the  defect,  and  another  in  the 
bony  cleft  or  even  in  the  spinal  canal,  the  two  often  ommvUHl  by  a  fibrous  hand. 
Lipomata  are  as  often  found  in  connection  with,  and  are  almost  as  certain  a 
sign  of,  spina  bifida  occulta  as  hypertrichosis.  At  times  they  are  both  present, 
the  soft  mass  of  a  diffuse  lipoma  being  felt  under  the  area  of  hypertrichosis. 
Spina  bifida  occulta  probably  occurs  more  friMpH'iitly  than  the  other  forms 
of  spina  bifida,  that  is,  oftener  than  once  in  800  births.  But  owing  to  the 
absence  of  protrusion  and  the  fact  that  very  often  there  is  no  motor  or  sensory 
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involvement,  it  gives  rise  to  no  disturbance  and  escapes  notice.  Thus,  Brick- 
ner  reports  2  cases  of  spina  bifida  occulta,  in  one  of  which  there  had  been  no 
disturbance  of  nervous  function  until  the  patient  was  12  years  old,  while  the 
other  escaped  nerve  involvement  until  19  years  of  age ;  nor  up  to  this  time,  in 
either  case,  was  a  spinal  defect  suspected.  Moore  reports  a  woman  24  years 
old  whose  gait  was  that  of  a  mild  spastic  paralysis  and  who  had  headache  and 
backache.  There  was  a  heavy  growth  of  black  hair  over  the  lumbar  region. 
There  was  no  protrusion,  but  a  defect  could  be  felt  in  the  spine,  a  defect  which 
had  escaped  notice  for  24  years. 

Spina  bifida  occulta  is  the  least  serious  of  the  varieties  as  far  as  life  is 
concerned,  and  gives  the  best  prognosis  with  or  without  operation;  but  even 
where  the  cord  and  nerves  are  uninvolved  at  birth,  palsies  and  other  nerve 
lesions. may  appear  as  the  child  grows  older,  due  to  the  lengthening  of  the  spine 
and  the  ascent  of  the  cord.  The  length  of  the  spinal  cord  in  the  fourth  fetal 
month  corresponds  to  the  length  of  the  spinal  column  ending  opposite  the 
last  coccygeal  vertebra;  but  as  the  fetus  develops,  the  growth  in  length  of 
the  cord  does  not  equal  the  lengthening  of  the  spine.  At  birth  the  cord  extends 
only  to  the  last  lumbar-  vertebra,  and  in  adult  life  to  the  upper  margin  of  the 
second  lumbar  vertebra. 

Thus,  even  if  there  is  no  nerve  involvement  at  birth,  as  the  child  grows  older, 
even  to  adult  life,  adhesions  present  at  the  site  of  the  defect  may  be  dragged  upon  by 
the  cord  as  it  ascends  and  so  give  rise  to  severe  motor  and  sensory  disturbances.  Three 
cases  of  spina  bifida  occulta  with  late  symptoms  of  paralytic  and  trophic  changes  com- 
ing on  have  been  reported  by  Froelich. 

In  some  cases  of  spina  bifida  occulta,  however,  the  involvement  of  the 
nerve  elements  is  present  at  birth  and  may  be  quite  severe.  A  patient  re- 
cently seen  by  me,  4  years  of  age,  had  partial  paraplegia  of  the  lower  extremi- 
ties and  urinary  incontinence  present  since  birth.  There  was  no  growth  of 
hair  on  back,  but  the  X-rays  showed  a  defect  in  the  bony  arches  extending  from 
the  fifth  lumbar  to  the  third  sacral  segment,  and  also  a  defect  of  the  left  side 
of  the  sacrum.  There  was  a  diffuse  lipomatous  growth  over  the  defect  and 
extending  partly  over  the  left  buttock,  causing  distinct  thickening  of  this 
area.  At  operation  the  bony  arches,  as  noted  by  the  X-rays,  were  found  to 
be  absent,  the  dura  was  absent  over  the  cord  opposite  the  second  and  third 
sacral  vertebrae,  exposing  the  areolar  tissue  over  the  arachnoid.  There  were 
numerous  small  adhesions  running  down  alongside  the  cord  and  roots,  which 
were  in  their  normal  position.  There  is  sometimes  found  at  operation  a  thick, 
fibrous  membrane  closing  the  bony  defect,  perforated  by  bands  of  connective 
tissue,  joining  an  external  tumor  with  another  tumor  inside  the  canal,  with 
compression  of  the  cord  and  roots. 

As  stated  above,  spina  bifida  occulta  is  not,  as  a  rule,  accompanied  at 
birth  by  nerve  involvement.  As  a  child  grows  older,  the  most  common  symp- 
toms that  make  their  appearance  are  incontinence  of  urine  or  feces  or  both, 
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anesthesia,  trophic  ulcers,  club-foot,  paralysis  of  the  lower  ••  xtremitini,  and  at 
times  scoliosis,  kyphosis,  or  lordosis. 

Muscatello  collected  32  cases  of  spina  bifida  occulta,  of  which  9  were 
lumbar,  8  lumbosacral,  6  sacral,  and  2  dorsal. 

That  intradural  pressure  still  exists  in  some  cases,  even  after  the  sac  ha* 
shrunken  away,  is  shown  by  a  case  reported  by  1'hillijw,  that  ..f  a  child  with 
spina  bifida  occulta  with  weakness  of  left  leg,  who  also  had  a  naaofrouUl  m« 
gocele  and  some  enlargement  of  the  head. 

When  spina  bifida  occulta  gives  rise  to  nerve  involvement,  as  it  usually 
does  sooner  or  later,  it  is  a  most  distressing  condition,  and  the  only  hope  lief 
in  prompt  operation  before  the  mid  and  nerves  are  irreparably  damaged  by 
pressure  or  traction.  The  trophic  ulcers  ha\«-  h.-.-n  laid  t«.  tra«-ti..n  •  •!'  tin*  cord, 
but  they  have  appeared  at  the  age  of  2.  They  are  probably  due,  as  Hrickner 
says,  to  lesions  in  the  cord  itself  or  in  the  ganglia  on  the  posterior  roots. 

Spina  Bifida  Anterior.— In  this  rare  form  of  spina  bifida  the  bodies  of  tin? 
vertebra?  are  split  instead  of  the  arches,  and  the  tumor  projects  anteriorly, 
usually  into  the  abdomen  or  pelvis,  rarely  into  the  thorax.  These  protrusions 
are  nearly  all  found  in  females,  and  almost  always  the  defect  is  in  the  sacrum. 
Occasionally  there  is  a  defect  in  the  spinal  arches  as  well  as  in  the  bodies  of 
the  vertebra,  so  that  there  is  both  an  anterior  and  posterior  protrusion.  Wil- 
Hard  reports  such  a  case.  In  anterior  spina  bifida  the  tumor  usually  grows  to 
enormous  size,  much  larger  than  could  occur  posteriorly  without  niptun*,  and 
it  is  often  mistaken  for  a  common  intra-abdominal  growth.  The  pressure 
may  split  the  vertebral  bodies  in  half  or  rather  prevent  tin-  union  of  the  i 
halves,  as  the  vertebral  bodies  develop  from  2  centers  of  ossification,  or  the 
pressure  may  prevent  the  developing  of  one-half  of  the  body  ..f  the  vertebra 
and  the  protrusion  is  extended  through  the  defect.  Or  the  sac  may  be  forced 
through  one  side  at  the  place  where  the  pedicles  should  be,  or  even  be  forced 
through  an  intervertebral  foramen. 

Spina  bifida  anterior  may  be  accompanied  by  club-foot  or  paralysis  of 
the  legs  due  to  irritation  or  traction  on  the  anterior  part  of  the  cord 
changes  are  less  likely  to  be  seen.     Thus  Robinson  reported  a  case  of  anterior 
spina  bifida  in  a  child  11  months  of  age  which  was  diagnosed  as  parovarian 
cyst.     It  was  accompanied  by  club-feet  and  flexion  of  hip  and  knee, 
was  no  apparent  hydrocephalus,  no  defect  posteriorly   and   no  deform  it 
spine  posteriorly.     At  the  operation,  a  laparotomy.  over  a   pint  of  fluid  was 
drawn  from  the  cyst  and  it  was  found  to  he  connected  with  the  spine, 
autopsy  part  of  the  bodies  of  the  vertebra;  and  the  ped ides  from  tin*  twelfth 
dorsal  to  the  fifth  lumbar,  were  found  to  be  absent    Another  case  very  similar 
to  the  above  was  described  in  the  spina  bifida  report  of  the  London  Clinical 
Society.     Emmett  also  reported  an  abdominal  tumor  in  a  woman  ! 
age  which  was  diagnosed  as  ovarian  cyst.     It  was  tapped  through  the  rectum 
and  the  patient  died  7  days  later.     Autopsy  showed  that  the  supposed  ovarian 
cyst  was  an  anterior  spina  bifida  protruding  from  a  defect  in  the 
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sacral  vertebrae.  There  was  no  defect  posteriorly.  Cases  of  anterior  spina 
bifida  have  been  reported  ranging  in  years  from  2  months  to  36  years.  The 
case  reported  by  Williard  was  a  2-months  old  female  infant,  and  Bryant  re- 
ported an  anterior  spina  bifida  in  a  woman  25  years  of  age  in  whom  there  had 
been  no  suspicion  of  a  spinal  defect.  She  died  of  trauma,  the  tumor  being 
discovered  accidentally.  Kroner  and  Marchand  reported  a  woman  of  20 
years  of  age  with  club-foot  and  paresis  of  one  leg.  She  had  a  large  cystic 
tumor  in  the  abdomen.  It  was  tapped  and  3  liters  of  clear  fluid  were  drawn  off. 
As  it  refilled,  it  was  opened  and  drained,  and  the  patient  died.  Autopsy 
showed  that  the  cyst  was  continuous  with  the  spinal  canal  by  an  opening 
through  the  sacrum. 

DIAGNOSIS  OF  SPINA  BIFIDA 

The  diagnosis  of  spina  bifida,  with  the  exception  of  spina  bifida  occulta 
and  anterior  spina  bifida,  is,  as  a  rule,  not  difficult.  But  to  determine  which 
one  of  the  varieties  of  spina  bifida  is  present  may  be  very  difficult;  indeed, 
the  diagnosis  may  not  be  made  until  the  sac  is  opened. 

Symptoms  Common  to  All  Forms. — There  are  several  cardinal  symptoms 
which  are  found  in  nearly  all  forms  of  spina  bifida: 

Presence  of  a  congenital  protrusion. 

Tumor  is  in  the  median  line. 

Fluctuation  of  the  mass. 

Protrusion  becomes  tense  on  coughing  or  crying. 

Summit  of  protrusion  is  membranous. 

The  cleft  in  the  bone  may  be  felt. 

The  tumor  is  translucent. 

Pressure  on  sac  causes  a  decrease  in  size  with  consequent  bulging  of  the 
fontaiiel,  and  severe  pressure  may  give  rise  to  acute  distress  and  even  con- 
vulsions. 

Signs  of  nerve  involvement  may  be  present:  paralysis,  club-foot,  urinary 
incontinence  and  trophic  ulcers. 

Differentiation  from  Other  Conditions. — Spina  bifida  at  its  most  common 
site,  the  lumbosacral  region,  must  be  differentiated  from  the  following  condi- 
tions :  Teratomata  of  the  sacrococcygeal  region ;  postrectal  dermoids ;  lipoma ; 
sarcoma,  ischiatic  hernia.  Differentiation  can  usually  be  made  by  the  fact 
that  in  spina  bifida  there  are  usually  fluctuation,  translucency,  pressuie  ef- 
fects, by  the  contour  and  consistency  of  sac,  and  by  the  fact  that  often  there 
is  a  zone  of  vascular ization  at  the  juncture  of  skin  and  membranous  summit. 

Perhaps  the  most  common  error  is  made  in  regard  to  lipoma.  As  lipoma 
often  overlies  a  small  spinal  defect  with  slight  protrusion,  operation  to  re- 
move a  supposedly  simple  lipoma  may  result  disastrously  for  the  patient. 

Kachischisis. — Total  or  partial  rachischisis  offers  no  difficulty  in  diagnosis. 
The  absent  bony  arches,  the  uncovered  cord,  the  pinkish  or  red  nevus-like  ap- 
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pearance  of  the  spread-out  "area  medullova.cufc.a,"  the  open  central  < 
with  constant  discharge  of  cerebrospinal  ilni.l.  all  -mbine  to  praMDt  .  pict 

which  is  easily  recognized. 


Meningomyelocelc.—  Meiii.i^nn.N,  l,,,.|,  ,s  most  commonly  f,,,,,,d  j,,  ,|lt.  |um. 
bar  region,  uncommonly  in  the  dona]  and  rar,|v  .„  th,  IIJJIV 

be  of  small  or  large  size,  but  generally  ha*  a  fairly  large  bo,r.  b  ^ 

usually  be  felt.  This  form  of  spina  bitida  is  always  sessile  and  covered  at  baae 
only  with  normal  skin.  It  is  seldom  covered  on  top  with  i,,,ri..al  ,kii,.  but 
nearly  always  has  a  membranous  Humn.it  whirl.  ,,,ay  |N.  nlrerated.  li|  rra»d 
or  even  umbilicated,  depending  on  the  amount  ,,f  pn—  ure  within  th«.  .anal 
The  apex  may  be  ulcerated  and  exudim;  fluid.  At  tin  fachmctit 

of  the  cord  there  is  an  umhilicatimi  .>r  dimpling  ..!'  tin-  MM  wall.  «.r  a  furrow, 
if  the  cord  is  attached  for  any  distant.  IV-im-  on  tin-  .-ar  will  umiallv 
cause  it  to  decrease  in  size  and  the  fontanels  to  hn^e.  hut  if  th«-  -.pii.al  defect 
is  narrow,  the  emerging  and  returnm-  nerve  «-|.-IH.MIN  m;«\  -.  till  it  that  thi- 
sign  fails. 

Transilluminatioii  will  usually  reveal  the  cord,  if  present,  aa  a  dark 
shadow,  or  the  nerves  as  they  cross  the  sac  to  their  respective  foramina,  but 
this  sign  is  sometimes  misleading  because  of  thickening  and  irregularities  of 
the  sac  wall.  Applying  a  feeble  faradic  current  to  different  points  on  the 
sac  will  often  reveal  the  presence  of  nerve  elements.  This  test  can  also  be 
used  after  the  sac  has  been  opened  and  when,  owing  to  attenuation,  there  is 
doubt  whether  the  sac  wall  contains  any  nerve  fibers.  Often  the  diagnosis  of 
meningomyelocele  depends  on  the  evidences  of  nerve  involvement  accom- 
panying it.  There  is  nearly  always  involvement  of  the  lower  extremities, 
ranging  from  club-foot  and  weakness  of  muscles  to  c-omplete  paraplegia,  also 
sensory  disturbances  and  defective  control  of  the  sphincters,  trophic  ulcers,  and 
often  hydrocephalus. 

Syringomyelocele.  —  This  may  be  very  hard  to  distinguish  from  meningo- 
myelocele, and  at  times  from  meningocele.  It  occurs  most  frequently  in  the 
lumbar  region,  occasionally  in  the  cervical  region,  rarely  elsewhere.  Owing  to 
the  great  pressure  and  stretching  of  the  posterior  half  of  the  cord,  this  part 
is  so  attenuated  and  spread  out  over  the  inner  wall  of  the  sac  that  it  majr  be 
translucent  enough  to  resemble  a  ineniiiiroeele.  It  can  usually  be  distinguished, 
however,  by  the  presence,  in  syringomyelocele,  of  paralysis  of  the  legs  and 
sphincters  and  other  deformities.  Also,  due  to  dilatation  of  the  central  canal, 
pressure  on  the  sac  causes  bulging  of  the  fontanels  more  readily  than  in 
meningocele. 

In  the  motor  and  sensory  disturbances  in  the  lower  extremities,  syringomve- 
locele  more  nearly  resembles  meningomyelocele,  from  which,  indeed,  it  is 
often  impossible,  prior  to  operation,  to  distiniruisl.  it.  It  is  not  so  frequently 
accompanied  by  dimpling  or  furrowing  of  the  sac  wall  as  is  meninpiiuyelocele, 
but  this,  too,  sometimes  occurs.  There  are,  however,  several  conditions  which 
are  more  common  in  syringomyelocele: 
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(1)  The  cleft  is  often  to  one  side  or  the  other  of  the  median  line. 

(2)  Lateral  curvature  of  the  spine. 

(3)  Marked  kyphosis  or  lordosis. 

Syringomyelocele  is  very  rare,  and  meningomyelocele  very  common,  so 
that  in  case  of  doubt,  it  is  safe  to  regard  the  condition  as  one  of  meningomyelo- 
cele. But  as  the  treatment  for  both  conditions  is  the  same,  namely  operation, 
it  is  not  of  great  importance  to  make  a  positive  diagnosis  prior  to  opening 
the  sac. 

Meningocele. — Meningocele  is  diagnosed  by  the  presence  of  a  protrusion 
with  a  fairly  narrow  base.  The  sac  is  rarely  pedunculated,  though  the  base 
is  narrower  than  in  the  other  forms  of  spina  bifida.  The  sac  is  translucent, 
and  as  the  cord  and  nerve  roots  are  not  involved,  there  is  little  or  no  motor 
or  sensory  involvement  of  sphincters  and  lower  extremities,  though  this  does 
not  always  hold  true.  The  sac  is  often  covered  entirely  by  normal  skin,  but 
there  may  be  a  small  membranous  area  on  the  apex.  It  is  difficult  and  at  times 
impossible  to  palpate  the  bony  defect,  as  there  is  usually  only  a  small  cleft 
involving  but  1  or  2  vertebral  arches,  or  there  may  be  no  bony  defect,  the  sac 
being  protruded  between  2  arches.  Meningocele  is  often  accompanied  by 
hydrocephalus,  but  this  is  true  of  the  other  forms  of  spina  bifida.  Pressure 
on  the  sac  causes  it  to  lessen  in  size,  and  causes  bulging  of  the  fontanels, 
but  not  so  readily  as  in  syringomyelocele.  Where  the  defect  is  narrow,  owing 
to  the  presence  of  new  formed  fibrous  tissue  in  the  cleft,  pressure  may  have  no 
effect.  This  closing  off  of  the  sac  is  common  in  children  who  have,  untreated, 
survived  their  second  year.  In  common  with  all  spinse  bifidse,  meningocele  is 
usually  sensitive  to  the  touch. 

Spina  Bifida  Occulta. — Spina  bifida  occulta  occurs  usually  in  the  lumbar, 
lumbosacral,  or  sacral  regions,  very  rarely  in  the  dorsal  and  the  cervical  regions. 
Eddington  reports  a  rare  case  of  spina  bifida  occulta  involving  the  laminae 
of  the  second  and  third  cervical  vertebrae,  overlaid  by  a  mass  of  fat  adherent 
to  the  meninges,  with  no  paralysis,  no  hypertrichosis  and  no  hydrocephalus. 
I  have  also  seen  one  in  the  cervical  region. 

Spina  bifida  occulta  is  of  itself  difficult  to  diagnose,  as  there  is  no  pro- 
trusion visible  and  only  rarely  can  the  defect  in  the  spine  be  felt.  But  if  the 
examiner  is  alert,  the  associated  nerve  involvement  will  usually  betray  the  true 
condition.  It  is  for  the  relief  of  the  symptoms  accompanying  spina  bifida 
occulta  that  the  patient  presents  himself.  These  symptoms  may  arise  either 
in  childhood,  at  puberty,  or  in  young  adult  life.  According  to  Brickner,  co- 
incident congenital  deformities  are  rarely  found.  I  have  seen  a  child  4% 
years  old  with  spina  bifida  occulta  who  had  partial  paralysis  and  total  urinary 
incontinence  from  birth. 

The  symptoms  for  which  the  patient  seeks  relief  may  be  any  or  all  of 
the  following:  Progressive  weakness  or  partial  paralysis  of  legs;  incontinence 
of  urine  or  feces  or  incomplete  control  of  the  sphincters ;  anesthesia ;  club-foot 
or  trophic  changes  such  as  ulcers  of  feet,  legs  or  buttocks.  In  any  patient  in 
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whom  the  above  symptoms  arise  at  any  time  prior  to  adult  life,  spin*  bifid* 
occulta  should  be  suspected  and  search  made  for  sign*  of  r 
the  site  of  the  prenatal  protrusion  on  the  back   i*  marked  by  a  tear  at 
point  of  rupture,  or  the  skin  is  coarse,  wrinkled  and  pigroented  and  there 
is  present  a  heavy  growth  of  hair  around  the  area  of  the  ,!,•!,,•<.     I  Ul  hvjH-rtri 
chosis  is  absent,  however,  in  about  half  the  cases;  if  found,   it*  presence  is 
pathognomonic.     The  soft  mass  of  a  diffuse  lifxuiia  ma?  U    f.-lr.  iu  pretence, 
accompanied  by  nerve  involvement  in  tin-  lower  extremi?.,  -  Htnm^l 

dicative  of  spina  bifida  occulta.     The  X-rays  may  U-  .,f  aid  in  tin-  d 
and  should  always  be  used,  though  if  th.  is  in  tin  will 

often  be  difficult  to  detect  it  on  the  plate.  As  stated  aU.ve.  owing  to  the 
presence  of  thickened  fibrous  tissue  in  the  cleft  or  a  lipotna  or  other  tumor,  it 
is  not  often  possible  to  feel  the  defect  in  the  spine.  In  many  patienU  the 
symptoms  exist  for  years  before  the  cause  is  reco«rni/.  .1.  1  hu*  in  a  I* 
7  years,  reported  by  Sheffield,  who  had  suffered  from  cystitis  with  *4»imimif 
for  years,  and  in  whom  stone  was  suspected  as  the  cause,  the  true  rendition 
of  spina  bifida  occulta  was  only  discovered  by  accident,  a  small  protrusion  ap- 
pearing on  the  back  as  he  was  straining  at  stool.  Moore  reported  a  woman  of 
24  years  of  age  who  had  had  a  mild  spastic  paralysis  of  the  legs  for  yean. 
Examination  revealed  a  heavy  growth  of  black  hair  in  the  lumbar  region  and 
a  small  spinal  defect.  The  patient  I  saw  had  a  spina  bifida  ocvulta  in  the 
cervicodorsal  region.  No  hypertrichosis  or  lipoma  was  present.  He  had  slight 
tingling  and  numbness  of  the  hands  when  the  arms  were  lively  haiiiri; 

In  summing  up  the  diagnosis  of  spina  bitida  (xvulta,  we  would  say  that 
in  all  cases  with  symptoms  of  nerve  involvement  of  the  lower  extremities,  incon- 
tinence of  urine  or  feces,  club-foot,  anesthesia  or  trophic  changes,  especially 
coming  on  about  puberty  or  young  adult  life  without  evident  erase,  spina  bifida 
occulta  should  be  suspected,  and  thorough  examination  should  !*•  made  of  tin- 
back,  especially  as  regards  hypertrichosis,  presence  of  tumor — particularly 
lipoma,  and  the  X-ray  should  be  used. 

Spina  Bifida  Anterior. — Spina  bifida  anterior,  which  is  fortunately  ^ety 
rare,  may  be  very  difficult  of  diagnosis  unless  accompanied  by  deformities  or 
other  signs  of  involvement  of  the  lower  extremities.  Hut  few  of  these  cases 
have  been  reported  as  correctly  diagnosed  prior  to  operation,  and  some  of 
them  only  at  autopsy.  The  patient  reported  by  Hum  .1  woman 

of  36  who  had  an  abdominal  tumor  diagnosed  as  ovarian,  had  no  accompany- 
ing deformities  or  signs  of  involvement  of  the  cord.  When,  however,  the 
abdominal  or  pelvic  tumor  is  associated  with  partial  or  complete  para' 
club-foot,  anesthesia  or  incontinence,  the  diagnosis  is  not  so  difficult.  In  the 
case  .reported  by  Robinson  (page  735),  that  of  an  11-months  infant  with  an 
abdominal  tumor,  the  associated  symptoms  of  club-foot  and  t'  n  tract  ion 

of  hip  and  knee  should  have  given  rise  to  a  suspicion  of  the  true  condition. 
When  with  an  abdominal  or  pelvic  tumor  there  is  also  a  dorsal  spina  bifida 
with  protrusion,  the  diagnosis  is  not  hard.  Thus,  in  Williard's  case,  which 
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had  a  large  cystic  tumor  in  the  right  half  of  the  abdomen,  at  first  thought 
to  be  sarcoma,  the  presence  of  a  spinal  protrusion  on  the  back  and  the  fact 
that  the  child  did  not  use  its  legs  did  lead  to  a  correct  diagnosis.  Pressure 
on  the  sac  of  an  anterior  spina  bifida  does  not  often  give  rise  to  bulging  of  the 
fontanels,  probably  because  it  is  difficult  to  exert  pressure  on  all  sides  of  the 
sac  and  force  any  great  quantity  of  the  fluid  back  into  the  spinal  canal.  Fair- 
bairn  reports  a  case  well  illustrating  the  difficulties  of  diagnosis,  a  girl  of 
18  with  severe  attacks  of  abdominal  pain  and  painful  micturition,  which  she 
had  had  at  times  since  the  age  of  13.  Examination  showed  a  large,  tender 
swelling  behind  the  right  vaginal  wall,  extending  also  to  the  right  of  the  rec- 
tum. A  diagnosis  of  cyst  in  the  pelvic  connective  tissue  or  postrectal  dermoid 
was  made.  When  the  cyst  was  opened  a  pint  of  fluid  escaped  and  it  was 
found  connected  with  the  sacrum.  Death  occurred  2  months  later  from 
meningitis,  and  autopsy  showed  the  cyst  connected  with  the  spinal  canal  by 
an  opening  through  the  sacrum.  These  cases  show  that  in  the  diagnosis  of 
any  case  of  an  abdominal  or  pelvic  tumor,  especially  in  a  child,  the  possibility 
of  its  being  an  anterior  spina  bifida  should  be  kept  in  mind.  Especially  is  this 
so  if  there  be  present  either  club-foot  or  paralysis  of  legs.  Trophic  changes 
— such  as  discoloration  or  coldness  of  feet  and  legs — ulcers,  or  incontinence 
of  urine  are  less  likely  to  be  seen,  as  the  majority  of  anterior  protrusions  are 
pure  meningoceles,  the  disturbance  of  function,  being  confined  to  the  anterior 
part  of  the  cord  and  due  either  to  pressure  or  irritation,  although  if  the  pro- 
trusion escapes  through  the  intervertebral  foramina,  the  sensory  changes  above 
enumerated  may  be  met  with.  The  associated  symptoms  of  spina  bifida, 
hydrocephalus,  and  change  in  tension  of  fontanels  on  pressure  on  the  tumor 
may  sometimes  be  seen.  When  the  defect  is  in  the  sacrum,  its  usual  site, 
examination  per  rectum  may  reveal  the  bony  defect.  But  in  most  cases  of 
spina  bifida  anterior  we  must  depend  for  diagnosis  on»  associated  conditions 
such  as  cord  involvement  or  dorsal  protrusions,  and  if  these  are  absent,  a 
positive  diagnosis  may  be  impossible. 


PROGNOSIS  OF  SPINA  BIFIDA 

The  prognosis  in  spina  bifida,  if  untreated,  is  absolutely  bad,  over  90 
per  cent,  of  children  afflicted  with  this  condition  dying  in  the  first  year.  Here 
and  there  is  a  report  of  a  child  growing  to  adult  life  with  a  small  spina  bifida, 
one  that  has  progressively  shrunken  since  birth  or  remained  stationary  in 
size  owing  to  occlusion  of  the  cleft,  and  there  are  even  reports,  in  a  few  in- 
stances, of  rupture  of  the  sac  with  spontaneous  cure ;  but  such  cases  are  indeed 
rare.  Demme  reports  that  out  of  31  patients  not  operated  upon,  all  died  in 
the  first  year  and  25  died  in  the  first  month.  The  Committee  of  the  London 
Clinical  Society  collected  from  the  hundreds  they  investigated  13  cases  of 
spontaneous  cure.  Occasionally,  even  if  untreated,  and  in  the  presence  of 


PROGNOSIS   OF    SPINA    BIFIDA  711 

even  a  large  protrusion  and  involvement  of  the  cord  with  various  motor  and 

sensory  symptoms,  cases  have  been  known  to  reach   adult   life.     < 


reports  a  girl  of  16  with  a  congenital  protrusion  in  the  lumbar  region  the 
size  of  a  cocoanut,  vesical  and  rectal  incontinence.  d«- formed  feet  and  trophic 
liberations  of  buttocks,  the  latter  having  exi.-t.  she  was  7  years  of 

age.  There  was  no  motor  paralysis  and  tin-  t'irl  had  walked  since  she  was 
a  year  old.  According  to  Treves,  persons  with  .spina  hitida  have  lived  to  be 
37,  43  and  50  years  of  age.  Taylor  reportl  .-eeinir  .  an*  old  with 

sacral  spina  bifida,  trophic  ulcerationa  of  feet,  club-feet,  urinary  incontinence 
all  his  life,  skin  of  legs  cold  and  cyanotic,  no  paralysis,  and  no  sexual  trouble. 
A  blow  over  the  protrusion  would  cause  convulsions  of  le^s.  There  had  been 
no  operation.  However,  the  few  recorded  cases  of  spontaneous  cure  or  of 
the  compatibility  of  life  with  a  persisting  protrusion  do  not  in  any  way  alter 
the  prognosis,  that  without  treatment  the  future  of  these  children  is  abso- 
lutely dark. 

Rachischisis. — Total,  and  even  partial  rachischisis  are  of  little  interest 
surgically,  as  the  infant  is  usually  stillborn  or  at  hest  lives  but  a  few  days. 
Rachford  reported  an  infant  which  had  partial  ruchischisis  extending  from  the 
sixth  dorsal  vertebra  to  the  sacrum,  accompanied  by  a  hydroeephftloeeil  in 
the  occipital  region  the  size  of  the  child's  head,  this  mass  containing  the  elon- 
gated occipital  lobes  and  the  cerebellum.  The  child's  temperature  under  ar- 
tificial heat  ranged  from  92°  F.  to  107°  F.,  yet  the  child  lived  3  weeks. 
Small  reports  a  new-born  child  with  partial  rachischisis  in  the  lumbosacral 
region,  the  gap  being  2^  in.  long  and  exposing  the  cord  for  1  in.  He  cov- 
ered the  gap  with  a  pad,  granulations  formed  shutting  off  the  leakage  of  the 
cerebrospinal  fluid  and  the  child  recovered,  but  developed  hydrocephalus  I 
months  later.  These  are  rare  exceptions,  however,  the  vast  majority  of  cases 
living,  at  most,  but  a  few  days. 

In  the  other  forms  of  spina  bifida  the  prognosis  depends  on  several  f acton: 

(1)  The  type  of  spina  bifida  present. 

(2)  The  condition  of  the  protrusion,  whether  covered  with  normal  skin 
or  ulcerated. 

(3)  Presence  or  absence  of  hydrocephalus. 

(4)  Amount  of  involvement  of  cord  and  nerve  roots. 

(5)  The  age  and  general  condition  of  the  child. 

(6)  Presence  of  complications,  as  enter  it 

If  the  protrusion  be  but  small,  covered  with  normal  skin  and  there  be 
no  paralysis  nor  incontinence  nor  hydrocephalus,  the  prognosis  is  rehr 
favorable  even  without  operation,  for  as  the  child  grows  older,  the  fluid 
to  disappear  and  the  sac  to  shrink.     But  even  in  these  simple  cases  of  spii 
bifida,  free  from  cord  involvement  in  infancy,  as  the  child  grows  older 
the  cord  ascends,  between  the  ninth  and  the  seventeenth  years,  motor  and 
sensory   disturbances  may  develop.     This   late   involvement   of  the  cord  or 
49  B 
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nerve  roots  is  more  common  in  spina  bifida  occulta,  Brickner  reporting  2  and 
Froelich  3  cases  of  this  character,  but  it  has  also  been  seen  in  simple  menin- 
gocele. 

Myelomeningocele. — Myelomeningocele,  presenting,  as  it  does  nearly  al- 
ways, a  thin  membranous  summit  of  the  sac  which  often  contains  areas  of 
ulceration,  if  not  operated  upon,  will  sooner  or  later  rupture  with  consequent 
infection,  septic  meningitis  and  death  as  the  result.  Even  with  operation 
the  prognosis  as  to  complete  recovery  of  function  is  less  favorable  in  this 
condition  than  in  some  of  the  remaining  forms  of  spina  bifida,  both  on  account 
of  the  involvement  of  the  cord  or  nerve  roots  or  both,  which  firmly  adhere  to 
the  summit  and  sides  of  the  sac,  often  being  intimately  blended  with  it,  and 
on  account  of  the  fairly  wide  gap  in  the  bony  canal.  But  even  so,  the  results 
from  operations  in  myelomeningocele  are  vastly  superior  to  those  obtained  by 
non-interference.  Untreated,  there  is  no  recorded  case  of  a  child  growing  up 
with  myelomeningocele,  and  very  few  reach  the  age  of  5,  while  with  opera- 
tion there  have  been  many  cases  of  cure  reported,  most  of  them  in  very  young 
infants. 

Syringomyelocele. — In  syringomyelocele,  which  is  fortunately  rare,  the 
Committee  of  the  London  Clinical  Society  having  found  only  2  authentic 
cases,  the  prognosis  for  recovery  of  function,  even  with  operation,  is  not  as 
good  as  in  the  remaining  forms  of  spina  bifida.  In  the  majority  of  cases  the 
wide  dilatation  and  tension  of  the  central  canal  have  so  thinned  the  cord,  espe- 
cially its  posterior  half,  and  this  part  of  the  cord  is  so  spread  out  and  inti- 
mately blended  with  the  sac  of  which  it  forms  the  inner  lining,  that  dissection 
of  the  nerve  fibers  is  well-nigh  impossible,  and  to  replace  the  nerve  fibers  with 
the  entire  sac  in  the  bony  canal  is  often  a  matter  of  great  difficulty.  Stoney 
reports  syringomyelocele  in  a  child  of  5  months,  with  complete  paralysis  of 
the  legs,  the  protrusion  involving  the  lower  dorsal  and  upper  lumbar  regions. 
At  operation  only  a  small  amount  of  nerve  tissue  was  found,  on  the  sides  of  the 
sac  wall.  Operation  effected  no  change  in  paralysis.  In  some  cases,  however, 
this  extreme  thinning  of  the  cord  elements  and  its  blending  with  the  sac  are 
not  present  to  such  a  marked  degree,  and  much  improvement  and  even  cure 
may  follow  the  operation.  Davis  reports  a  case  of  syringomyelocele  in  the 
lower  cervical  region,  size  of  a  half  lemon,  in  which  the  pressure  within  the 
central  canal  of  the  cord  had  forced  the  posterior  column  of  the  cord  out 
through  the  ligaments  between  the  seventh  cervical  and  first  dorsal  vertebrae, 
there  being  no  defect  in  the  bony  arches.  The  protruded  portion  of  cord 
was  attached  to  the  lower  margin  of  the  sac,  the  point  of  attachment  being 
marked  by  a  dimple.  There  was  moderate  hydrocephalus  and  no  paralysis. 
Unfortunately,  at  the  operation  the  portion  of  cord  protruding  was  amputated, 
and  the  child  died.  Otherwise  the  operation  would  probably  have  been  suc- 
cessful. 

Spinal  Meningocele.— :In  spinal  meningocele,  if  untreated,  the  prognosis 
is  nearly  as  bad  as  in  the  other  forms  of  spina  bifida,  as  it  almost  invariably 
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increases  in  size,  ulcerates  and  ruptures,  followed  by  aeptic 

Jough  here  and  there  cases  of  sp,,nr;i;  ,  ^  amJF 

Knox  reports  a  child  of  2  week,  u  nh  ,  III(,lillpll,.,,  ,n  ,h, 

the  size  of  an  orange,  which  ruptured,  nd  *U  followed  U  n,Ha,u,nat,,n  of  the 

sac  and  spontaneous  cure.     With  operation  th,  pregnosia'i*  good,  a-  the  opera- 

tion  is  relatively  safe  and  simple,  and  even  though  th,  cUun-  of  the  defAt  i* 

often  followed  by  hydrocephahiH  thin  uaiiallv  mbddei  a!r,r  a  time,  and  if  it 

does  not   is  often  amenable  to  tn,.ti,i,.,,t.     In  ,„,„.  menintro,,  .,,n-.  the 

cord  and  nerve  roots  are  not  im-ok-d,  hut  if  them  ha*  be«  *t,,rb.nce  of 

function  due  to  pressure  or  irritation  of  the  cord  at  the  point 

relieved  by  operation. 

An  ulcerated  condition  of  the  sac  may  be  present  at  birth  due  to  great 
pressure  from  within  or  to  the  blending  of  dura  and  -kin.  ,,r  the  sac  may  be  to 
large  and  the  tension  so  great  that  it  ruptures  at  birth,  this  o,.,.,irrence  being 
soon  followed  by  the  death  of  the  infant.  Case*  of  this  sort,  however— that 
is,  rupture  during  delivery— immediately  operated  mi.  have  recovered,  as  le- 
ported  by  Thorndike,  Nicoll,  and  also  by  Sharpe,  White  report*  a  remark- 
able case  of  meningocele  in  a  woman  aged  i>7,  who  had  a  congenital  pro- 
trusion over  the  sacrum  the  size  of  a  child's  head,  which  had  never  given  any 
nerve  trouble.  The  sac  began  to  give  way,  and  at  operation  a  bony  defi- 
the  sacrum  3  in.  long  was  found. 

Spina  Bifida  Occulta. — Spina  bifida  occulta  is,  as  far  as  life  is  concerned, 
the  least  serious  of  the  varieties  of  spina  bifida,  and  usually  gives  the  beat 
prognosis  as  to  life,  whether  treated  or  untreated.  Representing,  as  it  doe*, 
that  form  of  spina  bifida  in  which,  in  fetal  life,  the  sac  either  ruptured,  thus 
relieving  the  pressure  from  within,  and  then  healed  with  a  scar  remaining  to 
mark  the  site  of  the  defect,  or  in  which  the  pressure  subsided  without  rup- 
ture, it  is  least  likely  of  all  the  varieties  to  be  followed  by  hydroevphaltia.  At 
times,  however,  the  involvement  of  cord  and  roots  in  fetal  life  baa  been  so 
severe  that  the  child  at  birth  is  paraplegic  and  has  urinary  incontinence. 
The  prognosis  is  then  not  so  good  for  restoration  of  function  by  operation. 
In  those  cases  of  spina  bifida  occulta  in  which  the  symptoms  of  eord  involve- 
ment only  come  on  some  time  after  birth  (it  may  lx>  years),  and  in  which 
the  symptoms  are  due  to  pressure,  growth  of  lipouia.  dermoid  or  other  forms 
of  tumor  in  the  cleft,  pressing  down  upon  the  cord,  or  due  to  adhesions  of 
the  roots,  which  in  themselves  may  not  be  sufficient  to  give  rise  to  iron 
but  which,  with  the  ascent  of  the  cord,  drjiir  upon  the  nerve  roots,  operation 
gives  good  promise  of  relief.  If,  as  has  been  found,  the  cause  of  symptoms 
is  a  fibrous  band  of  connective  tissue  which  joins  the  skin  and  lower  end  of 
cord  and  represents  an  imperfect  separation  of  the  two  in  fetnl  life,  operation 
will  often  yield  brilliant  results.  Jones  reports  a  case  in  which  be  divided 
such  a  fibrous  band  which  bound  down  the  cauda  oi|iiina.  The  patient  had 
club-foot  and  areas  of  anesthesia  and  hyperesthcsia,  together  with  incomplete 
control  of  vesical  and  rectal  sphincters.  Six  months  later  the  patient  had 
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made  an  almost  complete  recovery.  A  case  of  Brickner's,  in  which  at  opera- 
tion the  meninges  were  found  adherent  to  a  lipoma  overlying  the  defect,  also 
showed  marked  improvement. 

Anterior  Spina  Bifida. — In  anterior  spina  bifida,  which  is  very  rare,  Nie- 
berding  in  1904  being  able  to  collect  but  9  cases,  the  prognosis  is  bad,  as  all 
the  cases  reported  to  the  present  time  which  have  been  operated  upon  died, 
with  the  exception  of  1  case  reported  by  Grossmann,  and  that  an  atypical 
one.  A  male  infant  of  10  months  had  a  swelling  the  size  of  a  hen's  egg  in 
the  right  gluteal  region,  which  had  increased  in  size  since  birth,  together  with 
disturbances  of  bladder  and  rectum.  Operation  disclosed  a  pedicle  running 
down  to  an  opening  on  the  anterior  surface  of  the  sacrum.  Examination  per 
rectum  showed  a  defect  in  the  3  lower  sacral  vertebra?.  The  child  recovered. 

The  diagnosis  in  the  reported  cases  was  only  made  during  operation,  and 
nothing  much  could  be  done.  It  is  difficult  to  see  how  the  protrusion  could  be 
removed  and  the  cleft  so  closed  that  there  would  be  no  leakage  or  recurrence. 


TREATMENT   OF  SPINA  BIFIDA 

Prior  to  the  days  of  asepsis,  the  attitude  of  surgeons  generally  was  one 
of  helplessness  in  regard  to  spina  bifida,  with  here  and  there  a  rare  case  re- 
ported of  operation  with  improvement  or  even  cure. 

NON-OPERATIVE    TREATMENT 

Injection  of  the  Sac. — In  the  early  '70's  there  sprang  into  favor  injection 
of  the  sac  with  irritating  fluids  for  the  purpose  of  causing  inflammatory  thick- 
ening with  consequent  shrinkage  of  the  sac.  In  1877  James  Morton  published 
an  account  of  cases  he  had  treated  by  injection  of  the  sac  with  a  fluid  composed 
of  iodin  gr.  x,  potassium  iodid  gr.  xxx,  glycerin  §  i.  If  the  first  injection 
was  not  successful,  he  repeated  it  at  intervals  of  7  to  12  days.  Although  he 
treated  only  the  most  favorable  cases,  the  success  he  attained  with  injection  led 
others  to  follow,  and  Morton's  fluid  became  widely  used.  In  1885  the  Com- 
mittee on  Spina  Bifida  of  the  London  Clinical  Society  investigated  his  method, 
and  though  they  found  a  mortality  of  38  per  cent,  even  in  selected  cases,  yet 
they  recommended  it  as  the  best  method  of  treatment.  Nevertheless,  the  use 
of  Morton's  fluid  has  deservedly  fallen  into  disfavor  because  the  method  is 
unsurgical,  in  that:  The  diagnosis  in  many  cases  cannot  positively  exclude 
the  presence  of  nerve  elements  in  the  sac ;  the  injection  can  do  possible  good 
only  in  simple  meningoceles,  and  only  when  the  opening  into  the  spinal  canal 
is  occluded  or  very  small — the  danger  still  remaining  that  some  of  the  fluid 
may  find  its  way  into  the  canal  and  set  up  inflammatory  changes,  possibly 
meningitis;  finally,  the  results  obtained  by  open  operation  are  superior,  as 
shown  by  Mayo  Robson,  Nicoll,  Bingham,  Lovett  and  a  host  of  others.  If 
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injections  are  made  into  a  sac  containing  ,.,,n|  ,,r  n.-rv.-  r.-,i.  ,-v,.,.  if  abrink- 
ing  of  the  sac  follows,  the  only  possible  result  ii  further  compression  an.! 
atrophy  of  the  nerve  elements. 

Aspiration.— Aspiration  of  the  sac  or  aspiration  follow,..!  |IV  pn^nn-  pad*, 
acupuncture,  ligation  of  the  base  of  the  protrusion,  ihe  line  of  setons,  bare  all 
been  long  abandoned  as  useless.  They  fa  .led  ,J  jn  n^y  <,„« 

hastened  rupture  of  the  sac.  Beineking  reports  a  meningucele  in  a  child  7 
weeks  old  which  was  tapped  27  times  at  intervals  of  l>  hour*,  4  to  10  ounces 
being  drawn  off  at  each  tapping.  After  rl,,.  tuents  ^-vcntl,  aspiration  menin- 
gitis developed  and  the  child  died.  This  show-  n..t  only  the  nm  «pira- 
tion,  but  also  demonstrates  the  great  secrctinir  power  of  t!..  exus, 
although  it  has  been  shown  that  in  excessive  scrretion  the  fluid  largely  loaea 
the  characteristics  of  cerebrospinal  fluid  and  resembles  that  of  an  ordinary 
serous  exudation. 

OPERATIVE  TREATMENT 

General  Considerations. — For  the  last  20  year-.  «•[»«  n  operation  with  excision 
of  the  sac  has  been  the  method  of  choice,  giving  better  results,  being  appli- 
cable to  all  forms  of  spina  bifida  and  much  less  dangerous  than  the  injection 
of  irritating  fluids.  Nearly  all  surgeons  are  agreed  as  to  the  propriety  of 
operating  in  these  cases,  the  points  on  which  they  differ  U-ini:  the  age  at 
which  the  operations  should  be  performed  and  the  var  -  spina  bifida 

which  are  proper  for  operation  and  those  which  should  IK*  left  alone.  Rote 
and  Carless  still  assert  that  the  majority  of  spina  hitida  are  beat  left  alone,  the 
protrusion  being  merely  guarded  from  injury;  if  signs  of  ini|»eiidini!  rupture 
appear,  they  advise  the  use  of  acupuncture  or  the  injection  of  M  'laid. 

This  view  seems  strange  coming  from  such  eminent  authorities,  Moat  sur- 
geons advise  operation,  but  until  the  last  few  years  have  strictly  limited  the 
operation  to  the  simpler  forms  of  spina  bifida.  Thus  Mayo  Robson  in  1895 
published  a  report  of  20  selected  cases  on  which  he  had  operated.  He  aaya 
that  a  plastic  operation  not  only  gives  better  results  than  injection,  b< 
safer.  He  reported  a  death  on  the  table  from  shock  with  the  us«-  of  Morton's 
fluid.  Of  his  20  cases  which  were  carefully  selected,  ranging  in  age  from  6 
days  to  35  years,  13  were  meningoceles,  5  myelonieningoceles  and  1  syringo- 
myelocele.  He  had  5  deaths. 

Where  the  cord  or  nerve  roots  were  found  tightly  adherent  to  or  blended 
with  the  sac  wall,  Robson  advised  trimming  away  the  portions  of  sac  wall 
not  carrying  nerve  elements  and  placing  the  remainder  in  the  spinal  canal, 
a  procedure  which  is  now  followed.  lie  advises  operation  in  all  cases  except 
where  there  is  a  large  fissure,  hydrocephalus  or  paraplegia.  Bayer  in  1897 
reported  17  operations  with  9  deaths,  and  stated  that  :•'.'  p«-r  all  cases 

operated  upon  would  die,  and  that  operation  should  not  be  performed  wben 
there  is  hydrocephalus,  paralysis,  or  when  complications  are  expected  in  the 
sac.  He  considers  that  spina  bifida  is  analogous  to  inguinal  hernia  and  points 
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out  that  the  danger  of  meningitis  following  excision  is  no  greater  than  that 
of  peritonitis  following  operation  for  hernia.  He  also  put  forth  the  state- 
ment that  operation  for  spina  bifida  is  safer  and  more  certain  of  success  than 
that  for  hernia,  an  opinion  with  which  I  cannot  agree. 

Nicoll  was  the  first  to  urge  operation  in  all  cases.  In  1898  he  reported  a 
series  of  32  cases,  of  which  7  died  within  1  month  after  operation,  but  he  re- 
ported greater  success  than  had  been  obtained  previously.  He  says  that  a 
moderate  degree  of  hydrocephalus  is  no  bar  to  success,  but  even  he  excluded 
from  operation  a  high  degree  of  hydrocephalus  and  a  sloughing  sac.  In  no 
case  did  he  find  it  necessary  to  use  bone  flaps. 

James  Moore  in  1905  published  an  exhaustive  study  of  385  cases  of  ex- 
cision which  he  had  collected  from  the  Surgeon-General's  Office  in  Washing- 
ton. He  makes  the  following  statements:  "Prognosis  without  operation  is 
hopeless,  and  with  operation  results  are  not  very  good."  "In  those  operated 
upon  in  the  first  months  of  life  the  mortality  was  over  35  per  cent.  Opera- 
tions after  5  years  had  a  mortality  of  4.7  per  cent."  He  therefore  advises 
waiting  until  the  child  is  several  years  old,  on  account  of  the  low  mortality 
following  operations  after  5  years.  But  as  over  90  per  cent,  die  in  the  first 
year  if  not  treated,  this  policy  would  not  save  many  lives.  Further  it  should 
be  taken  into  consideration  that  Moore's  deductions  were  made  from  cases 
reported  from  all  over  the  world,  from  the  year  1813  to  1905  inclusive,  thus 
including  the  preaseptic  days. 

To  close  the  bony  defect  some  surgeons  used  celluloid  plates ;  others  swung 
over  bone  flaps,  chiseled  from  the  crest  of  the  ilium;  others  transplanted  bone 
from  the  tibia  or  bent  down  the  spinous  processes  of  the  sound  vertebrae  above 
the  defect.  Bone  flaps  and  foreign  materials  are  no  longer  used.  They  added 
to  the  gravity  of  the  operation,  often  failed  to  live  in  the  new  position,  some- 
times were  a  menace  by  reason  of  added  compression,  and,  as  we  now  know, 
are  not  necessary,  as  the  fascia  and  muscles  of  the  back  afford  strong  and 
efficient  covering. 

Of  late  years,  realizing  the  hopelessness  of  the  condition  of  the  untreated,  surgeons 
have  come  to  believe  in  the  propriety  of  operating  on  all  cases,  irrespective  of  age  and 
the  condition  of  the  sac,  the  only  contra-indication  to  operation  being  a  bony  defect  so 
great  that  it  could  not  possibly  be  covered.  It  is  wiser  to  defer  operations  in  very 
young  babies  unless  rupture  of  the  sac  occurs  or  is  imminent.  The  mortality  is  high, 
to  be  sure,  but  many  patients  have  been  saved  who  otherwise  would  have  succumbed  if 
left  untreated.  Many  surgeons  have  achieved  good  results. 

Lovett  reports  24  cases  of  excision  with  9  deaths,  a  mortality  of  37% 
per  cent.,  a  percentage  which  would  be  higher  had  the  cases  been  reported 
later.  He  sets  the  mortality  following  operation  at  25  per  cent.,  the  mor- 
tality in  the  next  3  years  at  25  per  cent.,  and  places  the  percentage  of  final 
cures  at  less  than  50  per  cent.  Taking  into  consideration  the  serious  nature 
of  the  condition,  and  contrasting  the  surgical  mortality  of  50  per  cent,  with 
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the  mortality  of  90  per  cent,  in  the  first  year  aim*  in  untreated  ca«*    it  i, 
readily  seen  that  the  need  of  surgical  intervention  i,  ,„,,*  ,,tive, 

With  a  constantly  improving  Hiir,ri,,,l   t,.,.|,,,ir.  tl,.-  adoption  of  .impW  „„ 
in  operating,  abandonment  of  use  of  bone  Ha,,-  or  of  fom^n   material  m  cU*  the 
defect,  it  being  recognized  that  they  arc  not  necessary,  and  U-tt.-r  ..M.  r- treatment 
mortality  of  50  per  cent,  should  be  much  lowered. 

Causes  of  Death.-Very  few  of  these  children  die  at  the  tin,,  ,,f  ,,|M.r 
rhey  usually  withstand  the  operation  itself  rrmarkal.lv  u,-l|,  and  shock  in  a 
negligible  factor  unless  the  operation   is  undiil\    j.n, Inn-red.     Death  following 
operation  usually  ensues  from  some  one  of  the  following 


Meningitis,  due  to  infection. 

Bronchitis,  following  anesthesia  or  due  to  lowmd  vitality. 

Enteritis,  which  many  have  prior  to  operation,  and  due  to  lowen-d  vitality. 

The  continual  leakage  of  cerebrospinal  fluid. 

A  remote  cause  of  death  is  hydrocephalus,  with  convulsion*, 

Essential  Points  in  Operative  Treatment— The  following  faints  are  of 
especial  importance  in  the  successful  operative  treatment  of  those  caaea: 

The  strictest  asepsis. 

Maintenance  of  bodily  heat. 

Simplicity  and  reasonable  rapidity  of  operation. 

Tight  and  efficient  closure  of  sac,  muscles  and  fascia  to  prevent  leakage 
of  cerebrospinal  fluid. 

The  most  careful  after-treatment  to  prevent  contamination  of  wound  by 
urine  or  feces. 

As  so  much  depends  on  the  child's  digestion,  especial  attention  should  be 
directed  to  this  prior  to  operation.  Children  that  are  at  the  breast  should 
not  be  changed  to  the  bottle  after  operation  if  it  is  possible  to  avoid  it. 

Preparation  of  Patient. — The  day  before  operation  any  noticeable  growth 
of  hair  around  the  protrusion  should  be  removed  by  shavini:.  the  sac  and  sur- 
rounding area  should  be  scrubbed  with  soap  and  water  as  thoroughly  as  the 
condition  of  the  sac  will  permit,  and  a  soap  poultice  applied  (gauze  thoroughly 
moistened  with  tincture  of  green  soap).  When  the  child  is  placed  on  the 
operating  table,  it  should  be  well  surrounded  by  hot  water  bottles  and  the 
protrusion  and  surrounding  area  again  well  cleansed  by  soap  and  water,  fol- 
lowed by  alcohol.  It  is  well  to  avoid  the  use  of  stronger  antiseptics  or  caus- 
tics, such  as  carbolic  acid.  When  pure,  this  may  devitalize  the  tissues  and 
when  used  in  a  dilute  form,  through  absorption,  has  given  rise  to  alarming 
symptoms,  as  reported  by  Nicoll  and  others. 

Technic  of  Operation. — The  operative  field  having  Iwn  cleansed,  a  straight 
line  of  incision,  from  the  upper  to  the  lower  pole  of  the  sac,  in  the  median 
line,  is  lightly  marked  with  the  knife.  Towels  wrung  out  in  bichlorid  solu- 
tion are  then  so  placed  as  to  closely  approximate  the  edges  of  the  incision 
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and  secured  by  pinch  forceps  at  the  membranous-skin  junction.  The  incision 
is  deepened  and  the  sac  is  opened  at  a  point  that  appears  to  be  free  from 
nerve  elements,  and  from  this  point  the  sac  is  widely  opened.  Many  sur- 
geons prefer  to  make  elliptical  incisions  at  the  membranous-skin  junction,  dis- 
secting the  sac  free  down  to  the  margin  of  the  bony  cleft,  and  to  open  the  sac 
at  the  side.  This  dissection  is  often  very  difficult  to  do  and  consumes  much 


FIG.  3. — FIELD  OF  OPERATION.     (1)  Depressed  area  of  sac;  (2)  line  of  incision;  (3)  membranous-skin 

junction. 

time,  and  there  is  a  greater  loss  of  blood  than  these  children  can  well  afford. 
Also,  if  the  protrusion  is  entirely  covered  with  normal  skin,  elliptical  incisions 
remove  tissue  that  can  well  be  utilized  in  closure. 

If  much  fluid  escapes  when  the  sac  is  opened,  the  child's  head  is  lowered, 
which  immediately  checks  the  flow.  The  practice,  which  some  follow,  of 
packing  the  spinal  canal  with  gauze  to  prevent  the  escape  of  cerebrospinal 
fluid,  is  a  dangerous  one.  It  may  cause  hemorrhage  within  the  cord  and 
irreparably  damage  it.  To  prevent  escape  of  fluid,  Babcock  operates  with  the 
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suspended  by  the  hips  over  a  blanket  tightly  MM  between  the  up- 
right  leg-holders  of  the  operating  td>la  ,,«  has  few*  howe™*that 

merely  keeping  the  head  low  is  all  that  is  necessary  to  prevent  e«*pe  of  fluid. 
Careful  search  is  made  for  nerve  element!  in  the  .-«,..     If  none  are  fm,nd 
it  being  a  meningocele,  the  sac  wall  (tin  ,Iied  free  at 


« 


FIG.  4. — OPENED  SAC  OF  MENINGOCELE.     (1)  Conus  medullaria;  (2) 

forming  sac  wall 


margin  and  closed  by  a  double  row  of  chromic  catgut  sutures,  and  the 
sac  wall  cut  away. 

If  the  cord  or  nerve  roots  are  found  adherent  to  or  blended  with  the  sac 
wall,  a  myelomeningocele,  they  are  carefully  dissected  free  and  returned  to 
the  spinal  canal.  If  this  dissection  is  at  all  difficult,  it  is  better,  as  Bobaon 
advises,  to  carefully  separate  the  sac  wall  from  the  overlying  tissues,  trim 
away  the  portions  of  sac  not  carrying  nerve  elements,  and  return  the  remainder 
to  the  spinal  canal.  As  the  attachment  of  cord  or  roots  is  in  the  median  line, 
there  may  be  enough  of  the  sac  wall  (dura  or  thickened  arachnoid)  on  each 
side  to  cover  over  the  cleft,  and  it  is  drawn  together  by  a  double  superim- 
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posed  row  of  silk  sutures  to  prevent  leakage.  Or  one  edge  is  drawn  under  the 
other  and  secured  by  mattress  sutures,  as  in  the  Mayo  operation  for  umbilical 
hernia.  Often,  however,  the  dura  extends  only  to  the  margins  of  the  cleft, 
and  in  these  cases  the  canal  remains  open  until  the  overlying  tissues  are 
brought  over.  The  same  procedure  is  carried  ovit  in  case  the  protrusion  proves 
to  be  a  syringomyelocele,  the  sac,  which  is  the  distended  posterior  half  of  the 


FIG.  5. — OPENED  SAC  OF  MYELOMENINGOCELE.     (1)  Inner  sac  wall;  (2)  conus  medullaris;  (3)  cauda 
terminalis  adherent  to  sac  wall;  (4)  roots  of  cauda;  (5)  membranous-skin  junction. 

cord  itself,  being  opened  and  the  attenuated  nerve  elements  returned  to  the 
spinal  canal. 

Following  this,  a  wide  strip  of  the  vertebral  aponeurosis  with  some  mus- 
cular tissue  is  dissected  up  on  each  side  of  the  cleft,  the  strips  being  some- 
what longer  than  the  cleft.  These  are  turned  over  to  the  median  line,  bulked 
there  in  mass  and  secured,  without  tension  if  possible,  by  2  rows  of  sutures; 
the  ends  are  also  sutured.  The  membranous  portion  of  the  outer  sac  wall  is 
cut  away,  as  much  as  possible  being  left  of  the  normal  skin.  To  close  the 
wound  without  tension  is  the  main  point,  and  if  the  skin  flaps  are  scanty,  it 
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may  be  necessary  to  dissect  them  free  for  a  considerable  durtanee  from  the 
median  line.     Raw  surface  is  sutured  to  ra  ,,.  with  a  ,|.,,,l,le  row  of 

chromic  catgut.     This  method   leaves  an   ,n,M,l,,lv    , kl.r.   ,m,    it   ^^ 

leakage  and  infection  and  smoothes  over  as  healing  tuk«-s  pi •„,.      |  |,e  ikin  edro 
are  closed  by  interrupted  sutures  of  fine  silk  a.,,|  a  |ia|,,  ,|rv  .IreMin.  i.  ,pp 
and  held  in  place  by  broad  strips  of  a,ll,,-m.  ,,!;„„ T.     \;,,\^.  dnmiagt  .1 


FIG.  6. — CLOSURE  OF  INNER  SAC.     (1)   Mattress  sutures;  C_M  nvcrlapped  edge  of 
aponeurosis;  (4)  nu>nil>rain>us->kiii  junction. 


?:  (3) 


not  be  used,  as  they  are  difficult  to  retain  in  position,  arc  apt  t«>  slip,  do  not 
show  soiling  as  readily  as  a  light  (lrr»iiii:.  ami  ;m-,  then-fore,  likely  to  be 
changed  less  frequently  than  is  necessary.  Covrrinir  tin-  dressing  with  rubber 
tissue  and  sealing  the  edges  with  collodion,  or  sealing  the  wound  with  gauze 
or  cotton  and  collodion,  is  not  to  be  recommended,  as  it  iiive*  a  false  sense  of 
security.  It  does  not  prevent  soiling  of  dressing,  and  the  retained  wound  fluids 
form  an  excellent  culture  medium.  Careful,  frequent  rhannimr  of  a  light 
dressing  is  the  best  means  of  preventing  wound  intWtion.  The  dressing  should 
be  changed  each  day,  or  oftener  if  contaminated  by  urine  or  feces,  the  wound 
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brushed  by  an  alcohol  sponge,   and  a  light  drying  powder  applied,   such  as 
aristol. 

After-treatment. — It  is  highly  important  that  the  child  be  kept  constantly  on  the 
face  or  side  and  closely  watched  to  prevent  soiling  of  the  dressing.  The  wound  should 
receive  the  closest  attention  until  union  takes  place.  Soiling  of  dressing  may  mean 


FIG.   7. — FLAP  FORMATION  TO  COVER  DEFECT.    (1)  Sutured  flap  of  inner  sac;  (2)  dissection  of  flap  from 

vertebral   aponeurosis. 

infection,  and  although  this  infection  can  usually  be  restricted  to  the  upper  layers  of 
the  wound,  and  sometimes  to  a  single  stitch,  yet  it  has  been  known  to  penetrate  deeper, 
giving  rise  to  meningitis. 

Some  of  the  skin  sutures  are  removed  on  the  second  or  third  day,  and 
the  remainder  as  union  takes  place. 

Spina  Bifida  Occulta. — In  spina  bifida  occulta  the  field  of  operation  is 
prepared  as  described  above.  An  incision,  somewhat  S-shaped  to  allow  good 
exposure,  is  made  over  the  site  of  the  defect,  as  determined  by  the  X-rays  or 
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cleft  or  m  the  canal  should  l,o  „ .,.  ., * 

through  the  cleft,  or  a  plate  of  til,, ,  ,;..,„.  ,,;„,  ,,V(.r 


FIG.  8. — SUTURE  OF  FLAPS  FROM  APONEUROSIS.     (1)  Flaps  brought  m-rr  to  cover  defect;  (2)  rmw  Mr- 
face  from  which  flaps  were  dissected;  (3)  membranous-skin  junction. 


removed.  Any  adhesions  around  the  various  roots  should  be  divided  and 
the  nerve  roots  freed.  As  the  symptoms  in  spina  bifida  occulta  arise  solely 
from  compression  or  traction,  care  should  be  taken  not  to  attempt  to  do  too 
much,  but  merely  to  free  the  adhesions  around  the  cord  roots.  The  dura 
should  be  drawn  together  over  the  roots  if  it  can  be  done  without  tension. 
Otherwise  leave  the  dura  open  and  close  the  wound  as  described  above.  The 
after-treatment  is  the  same  as  for  the  other  forms  of  spina  bifida. 
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Treatment  of  Complications.— Contractures  existing  in  the  lower  extremi- 
ties will  require  tenotomies;  club-foot  may  require  corrective  operations  or 
the  application  of  braces;  and  flail  joints  may  render  necessary  one  of  the 


FIG.  9. — SUTURE  OF  SKIN  FLAPS.      (1)  Buried  suture  of  catgut;    (2)    skin  edge  sutures  of  silk. 

various  fixation  operations.  These  conditions  may  be  remedied  at  a  later 
time,  and  corrective  measures  should  not  be  attempted  at  the  time  of  the 
operation  on  the  protrusion. 

My  own  series  of  cases,  operated  upon  in  conjunction  with  Dr.  William 
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Sharpe,  u,  which  the  method  of  procedure  described  above  was  carried  ou, 
numbers  mne.    Upon  no  case  have  we  refused  to  operate,    Natural  I*  £5 
dition  of  absolute  paralysis  of  the  lower  extremities  with  compieU  l 

sphmctenc  control  and  emaciation,  it  w, 1  „.„   ...  «*aid««l  jn-tiaiS.  to 

operate.    Of  these  9  cases,  4  were  si.,,,,1,  .......in^le.  in  „,,  ,,,  ub.'r  , 


Fia.  10. — INCISION  FOR  SPINA  BIFIDA  OCCULTA. 

2  of  which  were  associated  with  mild  hydrocephalus.    Four  were  mvelomenin 
goceles,  all  situated  in  the  lumbar  region,  3  of  which  were  accompanied  by  mi  hi 
hydrocephalus.     One  was  a  spina  bifida  ooculta  with  large  bony  defect  in  the 
sacrum,  with  partial  paraplegia  and  incontinence  of  urine  and  feces.     There 
was  no  enlargement  of  the  head. 

Of  these  9  cases  we  had  2  deaths  from  shock  8  hours  after  operation.    Both 
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were  large  meningomyeloceles  in  the  lumbar  region,  with  large  bony  defect, 
which  required  extensive  repair,  with  consequent  loss  of  cerebrospinal  fluid 
causing  the  temperature  to  rise  to  106°  F.  within  3  hours  after  operation. 

In  3  of  the  cases  mild  hydrocephalus  developed  within  3  months  after  opera- 
tion. However,  in  none  of  these  did  the  enlargement  of  the  head  exceed  1% 
inches  in  circumference.  In  2  of  these  cases  the  lateral  ventricles  were  tapped 


FIG.  11. — EXPOSURE  OF  DEFECT  IN  SPINA  BIFIDA  OCCULTA.     (1)  Roots  of  cauda;  (2)  dura;  (3)  adhesions 
to  roots  of  cauda;  (4)  lipomatous  tissue;  (5)  rudimentary  laminae;  (6)  outline  of  sacrum. 

twice  through  the  outer  margin  of  the  anterior  fontanel  within  a  month.  No 
further  increase  in  the  size  of  the  head  has  since  occurred. 

In  2  of  the  cases  of  spina  bifida  associated  with  mild  hydrocephalus,  the 
repair  of  the  spinal  defect  was  not  followed  by  any  further  enlargement  of  the 
head. 

The  remaining  5  cases  are  all  improving,  especially  as  regards  the  nerve 
involvement  of  the  lower  extremity.  In  one  of  these  the  paralysis  of  the  legs 
was  almost  complete,  but  now  the  child  is  moving  its  legs  freely,  though  still 
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unable  to  walk  7  months  after  the  operation.  In  the  cases  in  uhi.-h  there  was 
sensory  involvement,  it  has  been  interesting  to  note  the  quick  n-iurn  ..f  Menta- 
tion. 

SUMMAEY 

Spina  bifida  is  uncommon,  but  by  no  moans  rare,  occurring  as  it  does  once 

in  800  births.  If  left  untreated,  practically  all  of  the**  children  would  die,  90 
per  cent,  in  the  first  year  alone.  The  only  rational  tn-atim-nt  in  a  surgical  opera- 
tion. The  practice  of  operating  only  upon  can-fully  selected  cases  should  he 
abandoned.  The  frequent  reports  of  good,  and  at  time*  brilliant  results  that 
have  followed  operation  upon  apparently  hopeless  cases,  renders  the  surgeon's 
duty  clear  in  this  regard.  The  only  contra  indication  to  ofx-ration  that  should 
be  considered  is  the  presence  of  a  defect  so  large  that  it  could  not  posnihl 
covered,  which  is  a  condition  rarely  encountered.  The  o^-ration  in  itaolf  i* 
not  dangerous  to  life,  and  even  though  in  many  eases  there  is  n<»  improvement 
in  the  paralytic  symptoms,  the  excision  of  the  sac  renders  the  life  of  the  child 
more  tolerable  and  removes  a  menace  to  its  existence.  Over  50  per  cent  of 
these  children  will  recover  after  operation,  a  percentage  which  clearly  shows  the 
necessity  of  surgical  intervention. 

Rigid  asepsis,  careful  technic  and  the  best  of  after-treatment,  both  of  a  sur- 
gical and  medical  nature,  are  necessary,  if  the  best  results  are  to  be  obtained. 
With  a  better  knowledge  of  this  condition  and  a  constantly  improving  surgical 
technic,  better  results  can  be  expected  in  the  future  than  have  been  obtainable 
in  the  past. 
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OPERATIONS    ri'oN    TIIK    AUImMlNAL    WALL 

ABTHUB  Si^  \KM  K  Y.^KI  J:,,H 
SURGICAL  CONDITIONS    OF    THE    ABDOMINAL   WALL 


Contusions  of  the  Abdominal  Wall.-  Tin-  <-«,nni- 
grees  of  blunt  violence  are  accompanied  by  extravasations  of  blood  in  the  skin, 
in  the  subcutaneous  cellular  tissue,  or  in  the  muscle  sheaths.  The  extravasa- 
tions of  blood  spread  along  the  lines  of  least  resistance  and.  controlled  by  grav- 
ity, seek  the  inferior  and  posterior  portions  of  the  abdominal  wall.  The  blood, 
unless  it  undergoes  suppuration  —  when,  of  course,  evacuation  is  called  for— 
requires  no  treatment.  Extravasations  occurring  in  the  pmpcritoneal  layer  of 
the  abdominal  wall  are  apt  to  be  very  extensive  and  give  rise  to  considerable 
difficulty  in  differentiating  them  from  intra-abdoniiiial  conditions. 

Rupture  of  Abdominal  Muscles.—  Rupture  of  abdominal  muscles  results 
from  contusions  of  the  abdominal  wall  caused  by  greater  degrees  of  violence, 
and  is  apt  to  be  associated  with  more  serious  intra-abdominal  conditions,  such 
as  rupture  of  intestine  or  some  abdominal  orpin.  In  this  case  the  treatment 
would  concern  itself  with  the  intra-abdominal  condition  and  the  rupture  of  the 
wall  would  be  taken  care  of  in  the  course  of  treatment  of  the  more  serious 
lesion.  Rupture  of  abdominal  muscles  may,  and  often  docs.  occur  from  mus- 
cular violence  —  as  in  lifting  heavy  loads—  during  parturition,  coitus,  and  as 
a  result  of  the  convulsive  contractions  in  tetanus.  Rupture  may  occur  from 
very  moderate  degrees  of  muscular  effort  in  alcoholics,  in  typhoid,  and  in  cases 
where  the  muscular  fibers  have  lost  their  tone  ami  become  wasted  as  the  result 
of  systemic  disease. 

Suppuration  of  the  subcutaneous  injury  seldom  occurs  except  In  typhoid 
cases. 

Healing  usually  takes  place  by  the  formation  of  a  cicatrix  at  the  site  of  rup- 
ture. Recovery  in  the  cases  that  suppurate  takes  place  after  the  evacuation  of 
the  pus  by  granulation  of  the  wound. 

The  more  serious  and  extensive  ruptures  may  result  in  hernia  and  require 
operative  interference  for  their  repair.  The  lesser  degrees  of  injury  are  hard 
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to  diagnose,  owing  to  the  swelling  that  accompanies  the  lesion.  Immediate 
repair  gives  the  best  results,  where  the  diagnosis  is  plain,  as  the  torn  muscle 
has  not  had  time  to  undergo  shortening.  The  procedure  is  the  same  as  for  the 
general  suture  of  muscle. 

In  rupture  of  the  recti  care  should  he  taken  to  repair  the  sheath  as  well  as 
the  muscle  when  this,  too,  is  torn. 

Wounds  of  the  Abdominal  Wall^-NON-PENETRATING  WOUNDS.— Non-pene- 
trating wounds  (not  entering  the  peritoneal  cavity)  are  treated  as  are  similar 
wounds  in  other  parts  of  the  body. 

PENETRATING  WOUNDS. — Penetrating  wounds  result  from  stabs,  pistol  or 
gunshot  injuries,  or  falls  upon  some  sharp  object,  such  as  a  picket,  iron  bar,  or 
pitchfork.  Extensive  lacerated  wounds  of  the  abdominal  wall  involving  the 
peritoneal  cavity  require  immediate  repair.  Their  treatment  is  conducted 
alone:  lines  of  general  surgical  principles,  and  there  is  little  chance  that  one  will 
err  in  the  proper  conduct  of  the  case. 

On  the  other  hand,  one  too  often  sees  a  young  surgeon  regard  a  stab  wound  as 
unimportant,  or  what  is  equally  bad,  probe  such  a  tract.  Little  information  can  be 
gained  by  this  that  cannot  be  gained  by  a  safer  and  more  scientific  treatment  of  the 
wound. 

In  short,  all  penetrating  wounds  of  the  abdominal  wall  should  be  explored  under 
the  most  careful  aseptic  precautions,  whether  we  know  the  wound  has  extended 
through  the  peritoneum,  or  only  suspect  that  it  has.  If  we  wait  for  symptoms  to  tell 
us  of  this  catastrophe  we  have  let  the  time  slip  by  in  which  we  could  have  remedied 
the  condition,  or  have  minimized  its  effects. 

Gunshot  and  stab  wounds  of  the  abdomen  are  best  handled  through  a  median 
incision,  as  the  work  within  the  abdomen  may  be  far  from  the  point  of  entrance. 
That  we  may  enter  the  peritoneal  cavity  in  some  cases  and  find  nothing  cannot 
be  weighed  against  the  surety  of  having  left  nothing  undone  in  these  cases.  It 
is  a  small  price  to  pay  for  safety. 

Foreign  Bodies  in  the  Abdominal  Wall. — Needles  may  lie  in  the  abdominal 
wall,  having  reached  there  from  without ;  or,  having  been  swallowed,  they  may 
have  penetrated  the  stomach  or  intestine  and  reached  the  wall  according  to  their 
peculiar  habit.  Other  foreign  bodies  are  not  so  insidious  in  their  approach, 
and  their  presence  can  usually  be  inferred  from  the  history  or  the  presence  of 
an  external  wound.  Needles  seldom  give  rise  to  abscess  or  fistula.  The  inflam- 
mation accompanying  the  presence  of  other  foreign  bodies  in  the  muscle  planes 
or  subcutaneous  tissues  quickly  subsides  on  their  removal. 

Inflammation  of  the  Abdominal  Wall. — MILD  CELLULITIS  OR  LYMPHANGI- 
TIS.— Cellulitis  or  lymphangitis  of  the  abdominal  wall  arises  from  small  wounds 
or  from  the  presence  of  foreign  bodies,  the  infection  having  entered  through  the 
first,  or  having  been  carried  in  by  the  second,  thus  setting  up  inflammation. 
Where  this  occurs  in  the  skin  or  in  the  subcutaneous  tissue,  little  treatment  is 
required  other  than  rest  in  bed  and  the  application  of  evaporating  lotions,  in 
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the  cases  of  lymphangitis;  and  the  letting  ,,,u  ,,f  ,,,,„  |,v  means  of  *uitable  in- 
cisions in  the  cases  of  cellulitis. 

DEEP-SEATED  INFLAMMATION  OB   AB8CE88  OP  TIIK    AlflMJUINAl,    WALL 
-Deep-seated  inflammation  or  abscess  of  the  abdominal  wall  has  been  described 
as  a  condition  peculiar  to  itself,  occurring  in  the  r«-«-ti  or  ohii.jui.  in  th« 
vesical  space,  or  in  other  portion-  of  the  j,ro|H-ritonpal  la 
classifying  deep-seated  abdominal  inflammation  i*  apt  to  cause  confusioi. 
Diving   the   impression   that    the    inflammation    <1.  ipon    the   aimtoi, 

structure,  and  not  upon  the  etiology.    The  structure  of  the  abdominal  wal 
division  into  layers,  and  its  subdivision  into  compartments — as  in  the  sheath* 
of  the  recti — determine  for  a  time  the  limits  of  the  inflammation  and  iu  boun- 
daries, but  in  no  sense  change  the  character  of  the  disease.     The  inHauitnation 
may  be  primary  or  secondary;  the  infeetim:  a^ent  may  reach  the  particular 
region  from  without,  through  the  blood  stream,  by  means  of  the  lymphatics,  or 
by  direct  extension  and  continuity.     Tin*  character  and  behavior  «.f  the  in 
flammation  depend  on  the  nature  of  the  infecting  agent     The  contribi. 
causes — such  as  a  blow  or  slight  strain  irivini:  rise  to  a  small  hcMimrrhap 
the  slight  muscular  effort  of  a  typhoid  patient  resulting  in  a  muscli*  rupture- 
may  precede  the  development  of  the  inflammation  or  abscess  by  so  long  an  in 
terval  as  to  have  been  unnoticed  or  forgotten.    Often,  on  opening  an  abscess  in 
the  abdominal  wall  or  in  the  properitoneal  layer,  it  is  impossible  to  determine 
the  channels  through  which  the  infecting  agent  arrived.     With  our  present 
knowledge  of  inflammation,  it  seems  unreasonable  to  call  such  a  lesion  idio 
pathic.     On  the  extremities  one  often  sees  lymphaniiiti-  and  Kmphadeniti*  re- 
sulting from  some  small  cut  or  abrasion,  long  healed,  on  fingers  or  toes,    If  one 
looked  upon  all  such  inflammations  as  idiopathic — failing  to  search  for  the  site 
of  infection  or  disregarding  some  such  small  cut  or  abrasion  because  it  bad 
healed  weeks  in  advance — there  would  be  many  called  idiopathic,  which  to-day 
are  known  to  be  otherwise. 

Within  the  abdomen  there  is  not  the  opportunity  to  observe  the  tell-tale 
course  of  a  lymphangitis,  leading  from  the  point  of  entrance  to  the  site  of 
abscess  or  inflammation.  Infection  through  the  blood  stream  is  doubly  obscure. 

Abscesses  of  the  abdominal  wall  resulting,  by  direet  of  along  mu^le 

planes  or  through  well-recognized  lymphatic  channels,  from  disease  of  tbe  ap- 
pendix, gall-bladder,  malignant  disease  of  stomach  or  intestine,  or  from  peri- 
renal  inflammation,  do  not  hold  their  cause  so  hidden. 

INFLAMMATION  AND  ABSCESS  IN  TIIK  SHKVTII  or  THE  KKCTUS.— 
the  sheath  of  the  rectus  has  for  its  cause  the  henuit.wnous  infection  of  the 
blood  clot  resulting  from  some  contusion  or  rupture  of  the  rectus  muscle,  As 
before  stated,  this  is  especially  apt  to  follow  typhoid.  The  pus  is  confined  in 
the  strong  fascial  envelope  of  the  rectus,  and  for  a  time  is  limited  to  this  space. 
If  the  abscess  lies  below  the  umbilicus,  as  is  usually  the  case,  it  is  prevented 
from  extending  upward  by  the  tendinous  inscriptions  of  the  muscle,  forward  by 
the  strong  anterior  aponeurosis,  downward  by  the  insertion  of  the  muscle  into 
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the  pubis,  laterally  by  the  union  of  anterior  and  posterior  layers  of  the  rectus 
sheath.  The  least  resistance  to  the  further  extension  of  the  abscess  is  offered 
by  the  posterior  sheath  of  the  rectus  below  the  semilunar  fold  of  Douglas. 
Here  the  reactionary  thickening  of  the  peritoneum  usually  prevents  its  ex- 
tension into  the  peritoneal  cavity.  Near  the  insertion  of  the  muscle  into  the 
pubis  it  can  find  its  way  into  the  sheath  of  the  opposite  side. 

Owing  often  to  its  slow  development  and  its  gradual  destruction  of  the 
muscle  fibers,  such  an  abscess  may  simulate  a  myositis,  which,  in  fact,  is  the 
stage  preceding  the  formation  of  the  abscess. 

Treatment  should  be  directed  to  the  early  opening  and  wide  drainage  of  the 
abscess  or  inflamed  area,  with  the  view  of  terminating  the  disease  and  saving 
the  aponeurotic  layers  from  destruction. 

INFLAMMATION  AND  ABSCESS  IN  THE  PROPERITONEAL  LAYER  OF  THE  AB- 
DOMINAL WALL. — Inflammatory  processes  occurring  in  this  layer  arise,  as  a 
rule,  from  diseases  of  organs  wholly  or  in  part  extraperitoneal ;  from  tubercu- 
lous or  suppurative  osteomyelitis  of  the  bones ;  from  inflammations  of  the  blad- 
der, prostate,  seminal  vesicles,  and  urethra;  and  from  diseases  in  the  broad 
ligaments.  Retroperitoneal  (or  proper itoneal)  inflammation,  cellulitis,  and 
lymphangitis  represent  conditions  and  stages  of  conditions  arising  from  in- 
fection from  organs  bordering  upon  this  layer  or  draining  through  their  lym- 
phatic systems  into  this  layer.  Abscess  and  inflammation  in  this  layer  may 
thus  start  from  disease  of  the  retroperitoneally  placed  appendix,  from  the 
kidney  or  gall-bladder,  and  from  malignant  disease  of  the  colon  or  stomach. 
Infection  reaching  the  properitoneal  layer  from  intra-abdominal  organs  does 
so  through  previously  formed  adhesions,  attaching  them  to  the  abdominal  wall, 
or  through  their  lymph  channels. 

Abscesses  in  the  subphrenic,  perirenal,  and  prevesical  space  (space  of  Ret- 
zius)  are  not  entities,  but  inflammations  occurring  in  certain  definite  regions 
of  the  properitoneal  layer. 

Treatment,  owing  to  the  difficulty  of  diagnosis,  is  apt  to  be  delayed,  but  it 
is  obvious  that  the  earliest  opening  and  drainage  of  these  spaces  should  be 
undertaken  to  terminate  the  profound  sepsis  from  which  these  patients  suffer. 

ABSCESS  IN  THE  LATERAL  ABDOMINAL  MUSCLES. — Abscesses  occurring  in 
the  lateral  abdominal  muscles  are,  as  a  rule,  secondary  to  disease  of  the  bones 
of  the  thorax  or  iliac  crest.  The  infecting  agent  is  most  often  the  tubercle 
bacillus. 

INFLAMMATION  DUE  TO  EXTRAVASATION  OF  URINE. — Descriptions  of  ab- 
dominal inflammation  cannot  hope  to  approach  completeness  without  mention 
being  made  of  the  type  seen  in  extravasation  of  urine,  where  the  rupture  in  the 
urethra  takes  place  between  the  anterior  layer  of  the  triangular  ligament  and 
the  deeper  layer  of  the  superficial  fascia  (fascia  of  Colles).  The  extravasated 
fluid,  after  infiltrating  the  areolar  tissue  of  the  penis  and  scrotum,  must,  of 
necessity,  as  long  as  Colles'  fascia  remains  intact,  find  its  way  upon  the  abdo- 
men. As  these  patients  are  recumbent  when  we  see  them,  the  fluid  makes  its 
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way  into  the  loins  as  well  as  wain-  |.,»L.ii,Lr  the  w|,,,||.  |,,wcr  a»Ml,,ni,m.     Tmit 

ment  consists  in  giving  exit  to  the  extrmnted  ilui.l  through  w 

as  well  as  cutting  off  the  source  of  supply  hy  mean*  of  ait  ext.-rnal  un-throi 

omy. 

Hernia  and  congenital  defects  of  the  abdominal  wall,  «uch  a*  ox*tn>phv  of 
the  bladder,  are  treated  of  in  another  part  of  thii  ^--rlc. 

Gastric  and  intestinal  fistula  result  from  nicer  or  malignant  diaouN)  or  are 
the  result  of  sonic  operative  pn.ce.lnre.  Their  treatment  b  considered  in  an- 
other chapter  under  their  appropriate  heading!. 

Tuberculous  and  syphilitic  myositis  of  th.-  ahd,,,ninal  wall  differ*  in  no 
way  from  the  same  disease  in  other  parts  of  the  In.dv. 

Actinomycosis  of  the  Abdominal  Wall.  Actinomycoaia  of  the  abdominal 
wall  may  be  primary,  but  is  usually  secondary  to  this  disease  in  the  intestinal 
canal.  As  the  fungus  is  probably  taken  into  the  IMH|V  with  food,  the  aite  of 
infection  in  the  majority  of  cases  is  in  the  month  and  neighUr 
James  Israel  first  established  the  identity  of  the  disease  in  man  and  animal*. 
Israel,  and  later  Hodenpyl,  described  the  disease  occurring  in  the  respiratory 
system.  In  its  involvement  of  the  alimentary  canal  the  stomach  and  *mall  in- 
testine seem  to  be  less  susceptible  than  the  large  intestine  to  the  invasion  of  thr 
disease.  Extension  to  the  abdominal  wall  takes  place  by  uWratinn  through 
the  intestine,  the  formation  of  a  gramilomatous  tumor,  further  uWratinn  «»f 
the  mass  accompanied  by  great  proliferation  of  cells  in  the  connect  ivc  tiarae 
planes,  finally  involvement  of  the  skin  with  the  formation,  often,  of  a  fistulou* 
tract  communicating  with  the  bowel.  Infection  of  the  tract  occurs  from  the 
bowel,  giving  rise  to  abscesses  in  the  course  of  the  tract  and  in  the  various  level* 
to  which  the  disease  has  extended  in  the  connect ive-t issue  planes. 

This  is  the  usual  mode  of  extension,  but  where  there  are  marked  uWr 
and  abscess  formation  it  is  plain  that  metastases  may  occur  through  the  blood 
stream  to  all  parts  of  the  body.  In  its  progress  through  the  tissue  planes  the 
disease  seems  to  spare  the  muscles,  extending  along  intcrnmscular  space*,  and 
into  the  subcutaneous  tissue.  Such  was  the  case  in  a  patient  on  whom  I  and 
my  house  surgeon  operated  a  number  of  times.  The  disease  originated  fnwi 
some  focus  in  the  pelvis,  just  where  could  not  be  determined.  It  formed  what 
felt  like  a  solid  tumor  in  the  connective  tissue  ah«»ut  the  bladder,  but  did  not 
invade  this  organ.  It  extended  through  to  the  snlx-ntaneons  tissue  of  the  lower 
abdomen,  the  perineum,  and  the  upper  portions  of  the  thiirhs.  In  the  several 
operations  instituted  for  the  relief  of  this  condition  the  muscles  were  involve*! 
only  at  the  sites  of  perforation  of  the  layers,  and  on  wide  di.wti.in  of  the 
subcutaneous  tissue  and  intermnseular  spaces  the  muscles  themselves  wete 
found  to  be  free  from  the  disease. 

Treatment  consists  in  excision  of  the  fistulous  tracts,  where  possible,  and 
wide  removal  of  all  granulating  areas.  Unfortunately,  owing  to  its  nature,  the 
source  of  the  disease  cannot  often  be  reached,  and  our  measures  for  it*  relief 
are  then  only  palliative. 
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Echinococcus  Cysts. — Echinococcus  cysts  are  not  often  found  in  the  ab- 
dominal wall.  The  echinococci  (the  larvae  of  the  tsenia  echinococcus  of  the 
dog)  finding  their  way  into  the  intestinal  canal  through  contamination  of  food 
and  there  losing  their  shell  or  outer  covering,  the  six-hooked  embryos  pass 
through  the  wall  of  the  bowel,  enter  the  portal  circulation — less  often  the 
systemic — and  undergo  development  into  primary  cysts  and  later  secondary  or 
daughter  cysts.  This  process  repeats  itself,  and  from  the  parent  and  daughter 
cysts  outgrowths  arise  from  the  lining  membrane  into  bodies  known  as  scolices, 
which  are  in  fact  the  heads  of  new  worms.  Each  scolex,  when  transferred  to 
the  intestine  of  a  dog,  can  develop  into  an  adult  worm  and  repeat  the  cycle  of 
its  life  history. 

As  the  largest  proportion  of  embryos  are  carried  by  the  portal  circulation 
to  the  liver,  that  is  the  most  frequent  site  of  the  cysts  in  the  body.  No  region 
of  the  body,  through  the  medium  of  the  systemic  circulation,  can  be  said  to  be 
free  from  their  invasion. 

CHANGES  IN  THE  CYSTS. — Inflammatory  reaction  in  the  tissues  surround- 
ing the  cyst  may  wall  it  off  and  render  it  harmless,  though  the  echinococcus 
may  remain  alive  for  years.  Death  of  the  parasite  means  the  conversion  of  the 
cyst  into  a  putty-like  mass,  often  partially  calcified.  Rupture  of  the  cyst,  if 
not  external,  means  further  transference  of  the  disease.  Suppuration  of  the 
cyst  is  the  most  serious  complication. 

TEEATMENT. — Treatment  is  purely  surgical.  Excision  should  be  practiced 
whenever  feasible.  Suppurating  cysts  should  be  treated  as  abscesses.  See 
Surgical  Operations  on  the  Liver. 

Tumors  of  the  Abdominal  Wall. — Tumors  of  the  abdominal  wall  are  as 
various  as  the  tissues  from  which  they  spring.  Sebaceous  cysts,  papillomata, 
and  cutaneous  moles,  owing  to  the  possibility  of  malignant  transformations, 
had  best  be  treated  by  excision.  Lipomata,  discrete  and  diffuse,  may  occur  in 
any  of  the  fatty  layers.  Those  near  the  median  line  above  the  umbilicus  are 
discussed  in  another  chapter  under  the  title  of  Epigastric  Hernia.  The  larger 
lipomata  may  require  excision. 

FIBKOMA. — Eibromata  of  the  hard  and  soft  variety  occur  in  the  abdominal 
wall.  They  show  no  peculiarities  not  possessed  by  fibromata  in  other  parts  of 
the  body.  The  harder  varieties  spring  from  the  aponeuroses  and  the  tendinous 
inscriptions;  the  softer  forms  begin  in  the  subcutaneous  tissues  and  in  the 
fibrous  sheaths  of  vessels  and  nerves.  The  greater  frequency  of  these  tumors  in 
women,  particularly  during  the  child-bearing  period,  points  rather  to  a  trau- 
matic origin  than  to  any  constitutional  peculiarity.  The  term  desmoid  is 
descriptive  of  the  arrangement  of  their  constituent  elements.  As  this  differs 
in  no  way  from  the  microscopical  appearance  of  fibromata  in  other  parts  of  the 
body,  the  reservation  of  this  term  to  abdominal  fibromata  seems  unwarranted. 

Treatment  consists  in  early  removal,  before  the  growths  have  attained  large 
proportions  and  caused  absorption  through  pressure  of  the  surrounding  struc- 
tures. Removal  of  large  fibromata  often  entails  the  sacrifice  of  tissues  adherent 
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to  them,  necessary  to  the  integrity  of  the  abdominal  wall.    Hence 
of  these  tinners  hetore  this  stage  has  been  reach.-!  . 

.CARCINOMA.— Cancer  of  the  abdominal  wall  ii  in  extension  from 

some  intra-abdominal   orpin,   often   associated  with   fistula,   if  the  organ   u 

hollow. 

Treatment  can  only  be  palliative. 

SARCOMA.— Sarcomata,  as  a  result  ,,f  malignant  transformation*  of  pre- 
viously benign  tumors,  arc  treated  :,s  tlm*»  occurring  elsewh  ••,«  bodr. 

Prognosis  is  bad. 

MELANOSABCOMA,— MeUnostTOOmi  occurring  in  the  skin  U  a  part  of  a 

general  saivumatosis,  and  then-  is  Mn  treatment  that  i*  of  any  aviil. 

Affections  in  the  Region  of  the  Umbilicui.  The-  variety  of  condition*  call- 
ing for  surgical  interference  arising  from  faulty  closure  of  U  intiMinal 
duct  and  malformations  of  the  urachus,  due  persistence  of  that  feul 
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remnant,  are  too  numerous  for  a  detailed  description  of  the  surgical  procedure 
required  in  each  instance. 

The  accompanying  diagrams  will  indicate  the  conditions  requiring  inter- 
ference, and  the  description  of  the  procedure  in  each  individual  case  will  not 
be  necessary. 

The  persistence  of  the  vitello-intfsthml  duel,  cither  in  the  form  of  a  fistula. 
diverticulum,  or  cyst,  is  best  treated  by  opening  the  abdomen  and  dealing  with 
it  as  one  deals  with  the  various  kinds  of  fecal  fistuhr. 

The  urachal  malformations  dependent  upon  the  one-time  communication  of 
the  allantois  with  the  urinary  bladder,  in  their  graver  and  more  troublesome 
forms,  are  best  treated  by  open  operation. 

The  diseases  of  the  umbilicus  occurring  at  birth,  such  n*  simple  inflamma- 
tion, arteritis,  phlebitis,  and  the  various  complications  attendant  on  the  hoalin? 
of  the  cord,  are  best  treated  by  the  expectant  method,  as  surgical  interference 
—other  than  the  use  of  proper  dressings — is  not  in«li«- 

The  tumors  in  this  region,  inflammatory,  epithelial,  and  those  arising  from 
the  connective  tissue,  are  treated  as  elsewhere  in  the  body. 
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INCISIONS   IN  THE   ABDOMINAL  WALL 

INCISIONS  FOR  APPENDICITIS 

The  practice  of  surgeons  has  greatly  changed  in  the  past  15  years  as  to  the 
incision  best  suited  to  this  disease.  The  change  has  come  about  gradually, 
largely  owing  to  a  better  understanding  of  intra-abdominal  conditions  and  the 
necessity,  or  lack  of  necessity,  for  drainage.  It  was  formerly  the  rule  to  drain 
all  acute  conditions  of  the  appendix.  The  oblique  incision  over  the  appendix 
was  the  one  oftenest  used,  and  wide  packing  of  the  wound  was  employed. 
Suppuration  invariably  resulted,  owing  to  the  introduction  of  gauze  into  the 
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FIG.  2. — McBuBNEY's  INCISION,  FIRST  STEP. 

wound.  The  sinuses  persisted  for  3  or  4  weeks  and  often  longer.  Healing 
took  place  by  granulation,  and  as  a  result  of  division  of  motor  nerves  a  hernia 
was  a  common  result. 

In  the  early  790's  McBurney  described  the  muscle-splitting  operation,  which 
is  known  as  the  "McBurney  Method."  It  is  of  interest  to  note  that  McBurney 
used  this  only  in  interval  cases  and  laid  stress  on  the  point  that  it  should  not  be 
employed  in  acute  cases.  At  present  it  is  used  by  most  surgeons  in  acute  cases, 
and  some  other  incision  is  used  where  any  exploration  is  contemplated  or  the 
diagnosis  is  at  all  doubtful. 

The  McBurney  Method. — The  incision  was  devised  to  avoid  division  of 
muscle  and  aponeurosis  and  of  motor  nerves,  the  tendinous  fibers  and  muscular 
bundles  being  separated  like  the  parting  of  the  twigs  in  a  broom,  and  the  motor 
nerves  being  avoided  by  careful  separation  of  the  fibers  of  the  internal  oblique 
and  transversalis.  The  advantages  of  the  method  are  obvious, 
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the  fibers  of  the  external  oblique 
muscle  and  aponeurosis.     Sep- 
arate the  fibers  of  the  external 
oblique  muscle  and  aponeuroais 
in  a  line  with,  and  to  the  sum*' 
extent  as,  the  skin  incision.    KV 
tract  the  external  oblique  nm-.- 
cle  and  the  internal  oblique  will 
be  seen,  with  its  fibers  running 
nearly  at  right  angles  to  the  su- 
perficial  muscle.     With  blunt 
pointed  scissors  or  the  handle  of 
a  scalpel,  separate  the  fibers  of 
the  internal  oblique  and  transversalis  muscles  in  the  direction  «.f  their  tibert, 
for  here  the  fibers  of  the  transversalis  will  be  found  parallel.!,-  thro  of  the 
internal  oblique.     The  last  dorsal  and  tlw  iliohypMiM-tric  nervea  will  lie  on 
either  side  of  this  separation  and  commonly  will  imt  ap^-ar  in  the  wound. 

Blunt  retraction  will  disclose  in 
area  of  transversalis  fascia,  which 
can  be  increased  by  further  sep- 
arating the  muscles  by  traction 
with  the  fingers.  This,  together 
with  the  peritoneum,  is  picked  up 
with  toothed  forceps  and  carefully 
divided  with  scissors. 

This    incision    will    be    found 
particularly  useful  in  acute 
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FIG.  4. — McBuRNEY's  INCISION,  THIRD  STEP. 


where  the  diagnosis  is  certain  and 
where  we  must  gvt  in  quickly  and 

nut  quickly  with  the  minimum 
amount  of  damage,  and  where  the 
work  within  the  abdomen  is  done 
by  the  sense  of  touch.  Temporary  drainage  through  this  incision  will  not 
work  harm.  Prolonged  drainage  is  apt  to  hold  the  muscles  in  their  retracted 
positions  and  thus  produce  a  weak  area  favorable  to  the  development  of  a  hernia. 


CONTRA-INDICATIONS,— Inasmuch   as    the    McBurney    incision    does   not 
itself  to  exploration  of  the  abdomen,  it  is  to  be  avoided  in  fat  men  and  women, 
in  other  cases  where,  for  any  reason,  it  is  thought  that  the  work  will  have  to  be  con- 
ducted deep  within  the  cavity  or  an  extended  exploration  may  be  necessary. 
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EXTENSION  OF  THE  INCISION  (WEIR) — If,  however,  it  is  found  that  an 
error  has  been  made  in  selecting  the  McBurney  incision  in  a  given  case,  this  incision 
need  not  be  abandoned.  Weir  has  shown  us  a  way  out  of  the  difficulty  by  extending 
the  line  of  separation  in  the  internal  oblique  and  transversalis  muscles  into  the  rectus 
sheath,  dividing  first  the  anterior  layer  of  the  rectus  sheath,  retracting  that  muscle,  and 
then  dividing  the  posterior  layer  after  preliminary  ligation  of  the  deep  epigastric 
vessels.  This  extension  of  the  incision  will  give  a  greatly  wider  view  of  the  right  lower 
quadrant. 

Eight  Rectus  Incision. — This  incision  is  used  by  many  surgeons  for  ap- 
proach to  the  appendix  where  a  view  of  the  region  about  the  appendix  is  de- 
sired. It  is  valuable  in  fat  men,  and  also  in  women  where  there  is  doubt  as  to 
the  correctness  of  the  diagnosis. 

TECHNIC. — An  incision  is  made  through  the  skin  and  subcutaneous  tis- 
sues, along  the  outer  border  of  the  rectus,  beginning  an  inch  above  the  line  from 
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FIG.  5. — KAMMEBEB  INCISION. 


the  anterior  superior  spine  to  the  umbilicus  and  extending  downward  parallel 
to  the  curving  border  of  the  rectus  for  3  or  more  inches.  Split  the  anterior 
sheath  of  the  rectus  for  the  same  distance,  free  and  retract  the  muscle  belly 
inward,  being  careful  not  to  tear  the  nerves  entering  it  posteriorly.  Incise  the 
posterior  sheath  together  with  the  peritoneum.  If  care  is  taken  to  preserve  the 
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nerve  supply  of  the  rectu>,  no  mure  disability  follou  .cUton  than  the 

muscle-splitting  one  of  McKimie\.     '1  In-  nervea  are  eaaily  recognized,  an-: 
working  through  the  upper  or  lower  limits  of  tin-  .  aa  the  ouc  requires, 

they  can  thus  be  preserved  from  injn 

Instead  of  retracting  the  rect  IKJW  may  be  separated  with  the  doatd 

scissors,  the  same  care  being  exorcised  in  preaenini:  the  nerve  supplv.    The  ftrat 
of  these  methods  is  known  by  a  number  of  nameni  KaiiunenT,  Battle,  JabouUy  .. 

Horizontal  or  Davis  Incision.  Thi>  i-  -imply  tin-  \\Yir  extension  of  the 
Mellm-iiey  inci>inn  with  a  ltori/.>ntal  skin  mt.  The  aponetiroai*  of  the  external 
oblique  is  divided  in  the  same  direction  as  the  skin.  As  union  of  aponetiraftU  U 
equally  good  whether  separated  nr  divided,  it  {xiBioaiei  the  §ame  advantagea 
as  the  Weir  extension  method.  The  middle  of  tin-  mri-ion  in  placed  at  the  outer 
L.rder  of  the  reetns  on  a  level  with  the  anterior  HUjM-n.-r  -pine  of  the  ilium. 

Other  Incisions.  Numerous  other  in<-i>iong  are  advocated  for  thu  condi- 
tion, but  they  have  no  special  advantages  and  lark  many  of  the  good  poinU  of 
those  described.  Where  an  appendix  abscess  has  pointed,  having  become  ad- 
herent to  the  anterior  or  lateral  abdominal  wall,  incise  over  the  abaoeaa.  If 
the  appendix  is  not  promptly  found,  prolonged  -ean-h  for  it  is  not  advisable. 
The  old  oblique  incisions  are  seldom  u-ed.  High  riirht  nvtu*  incisions  are 
sometimes  called  for  (in  children  especially)  where  the  cecum  baa  not  reached 
the  right  iliac  fossa. 

INCISIONS   FOR    EXPOSURE    OF    GALL-BLADDER   AND   DUCTS 

The  straight  vertical  incision  through  the  middle  or  outer  third  of  the  right 
rectus  is  the  one  oftenest  used  in  operations  on  the  biliary  passages.  This  in- 
cision will  suffice  for  the  majority  of  operations  on  the  Lrall-bladder  and  often 
will  be  ample  for  work  on  the  common  duet.  Individual  cases,  owing  to  ex- 
tensive adhesions,  obesity,  or  any  condition  preventing  proper  developmei 
the  field,  will  require  enlargement  of  the  wound.  This  can  be  done  in  a  varietv 
of  ways,  as  \vill  be  described  later. 

Vertical  Incision  for  Gall-bladder  and  Ducts.  -  Make  a  vertical  incision  over 
the  right  rectus  along  a  line  corresponding  to  the  junction  of  tho  outer  t 
with  the  inner  two-thirds  of  the  muscle  belly.  U'lrinnini:  1  in.  below  the  1 
border  of  the  ribs.    Incise  the  anterior  layer  of  rectus  sheath,  and  separate  t 
muscle  fibers  with  the  handle  of  a  scalpel,  sparinjr  the  nerves  by  gentle  retrac- 
tion when  this  is  possible.     Incise  the  po>teri«-r  hm-r  of  rectus  sheath  together 
with  the  peritoneum.     In  the  verv  muscular  this  will  often  U>  found 
of  a  part  of  the  muscle  belly  of  the  tran>versalis.     Tlr  M  wil 

lie  a  little  to  the  left  of 'the  gall-bladder.     Too  Ion-  an  incision  wil 
motor  nerves  and  give  rise  to  trouble  in  keeping  the  intestines 
of  operation.     If  more  room  is  required,  the  anterior  sheath  of 
be  divided  at  the  upper  and  inner  angle  of  the  wonn. 
retracted  inward. 
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A.  W.  Mayo  Kobson's  Incision. — Make  a  vertical  incision  over  the  middle 
of  the  right  rectus.  Separate  the  fibers  of  the  muscle  by  blunt  dissection.  Di- 
vide the  posterior  sheath  together  with  the 
peritoneum.  When  it  is  necessary  to  ex- 
plore the  common,  hepatic,  or  the  deeper 
portions  of  the  cystic  duct,  continue  the 
incision  upward  and  inward  in  the  angle 
between  the  ribs.  This  incision  exposes 
the  upper  surface  of  the  liver.  By  traction 
on  the  liver  and  gall-bladder  the  organ  is 
drawn  downward  and  forward  from  be- 
neath the  ribs,  thus  bringing  the  gall-blad- 
der, cystic  and  common  ducts  quite  close 

!-  v:,y/i  i  ,.j      u,    \»-r>;  I  to  the  surface.    It  will  now  be  found  that, 

"  1 1 S.      b        (/  \  instead  of  the  gall-bladder  and  cystic  duct 

,-'''""i  !,:]v/  i::i  /' NA  making  a  considerable  angle  with  the  com- 

V":'\\\  l'-~- 1         i  mon  duct,  an  almost  straight  passage  is 

found  from  the  fundus  of  the  gall-bladder 
to  the  entrance  of  the  bile-duct  into  the 
duodenum,    and   if   adhesions   have   been 
FIG.  6.— A.  W.  MAYO  ROBSON'S  INCISION,  thoroughly  separated,  the  surgeon  has  im- 
mediately under  his  eye  the  whole  length 
of  the  ducts  with  the  head  of  the  pancreas  and  duodenum.     (Bobson,  6.) 

Kocher's  Oblique  Incision. — Make  an  incision  parallel  to  the  free  border  of 
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FIG.  7. — KOCHER'S  OBLIQUE  INCISION. 


the  ribs  and  about  2  in.  distant.     This  incision  divides  the  muscles  of  the  ab- 
dominal wall  obliquely  and  gives  wide  exposure  of  the  region.    Kepair  of  the 
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wound  requires  very  careful  suturim. 
if  drainage  is  employed,  is  v.-rv  liable  to 
be  followed  by  hernia.     As  t }><.  intercostal 
neryea  run  upward  and  inuanl   in 
region,  they  can  be  avoided,  but  the  croes 
division  of  muscle  is  apt  to  work  harm  ..., 
less  very  careful  repair  and  non-drainage 
of  the  wound  are  practiced.     As  drainage 
is  necessary  in  the  Beater  inimlN-r  ,,t  tin-,,, 
operations,  the  incision  has  n.,t  achieved 
popularity    in    this    country.       Posterior 
drainage  through  the  right  'loin  (as  prac- 
ticed by  Rutherford  Morison)  does  away 
with  this  objection  to  the  incision. 

Sevan's  Incision.— Bevan  uses  the  ver- 
tical incision  for  all  operations  requiring 
little  room,  but  where  it  is  necessary  to  ob- 
tain more,  prolongs  the  straight  incision 
upward  and  inward  (as  does  Robson), 

and  downward  and  outward,  as  shown  in  Figure  8.  To  the  majority  of  oper- 
ators the  lour r  .11  has  proved  of 
little  help. 


In  all  operations  on  the  biliary  p*m*gtt 
a  better  exposure  can  be  obtained  by  the  as* 
of  a  sand  bag  or  Lilirnthal'i  bridge  ; 
under  the  lower  portion  of  the  thorax. 


INCISIONS  FOB  OTHER  ABDOMINAL 
CONDITIONS 

Pfannenstiel  Inciiion.— Pfanneiurtiel'g 
incision  for  approach  to  the  *tmcturp«  and 
orpins  in  the  lower  abdomen  is  made  by 
means  of  a  slightly  eimed  cut  «t.n« . 
upward  >.  carried  thr-Mi-h  Uie  skin  and  an- 
terior sheath  of  nvtiift.  The  incision  lie* 
in  the  region  commonly  occupied  by  the 
pubic  hair,  and  follows  the  curve  of  the 
crest  of  the  pnbis  and  the  sagging  margins 
of  Poupart's  ligament  on  either  nde.  The 
proximal  flap  of  skin.  superficial  faarta, 

and  rectus  sheath  being  reflected  upward,  the  recti  are  exposed.    The  recti  are 

drawn  to  either  side  and  the  peritoneum  divided. 


FIG.  9. — INCISIONS.  1,  Kocher's  incision; 
2  and  7,  median  incisions;  3  and  8 
paramedian  incisions;  5,  McBurney's 
incision;  6,  Kammerer's  incision;  9, 
Pfannenstiel's  incision;  10,  lower  poat 
tion  of  incision  for  ureter. 


m     OPEKATIONS  UPON  THE  ABDOMINAL  WALL 

The  advantages  of  this  incision  are:  the  muscles  are  separated  and  not 
divided ;  no  nerves  are  severed ;  the  resulting  scar  is  strong ;  and  it  has  cosmetic 
value,  inasmuch  as  the  scar  is  hidden. 

The  approach  to  the  upper  and  lower  abdomen  for  operations  on  the  liver, 
stomach,  pancreas,  and  spleen,  and  for  structures  in  the  pelvis,  is  best  accom- 
plished by  incisions  through  the  recti.  Unusual  conditions  call  for  unusual 
incisions,  and  the  description  of  incisions  used  in  particular  instances  forms  no 
part  of  a  work  on  the  general  subject  of  incisions. 

Particular  incisions  or  methods  for  such  operations  as  gastrostomy,  colos- 
tomy,  and  the  incisions  for  kidney  and  ureter  are  considered  in  the  chapters 
dealing  with  the  operations  on  these  viscera  and  organs. 


ABDOMINAL  SECTION;   LAPAROTOMY ;    CELIOTOMY 

General  Considerations. — The  abdominal  surgeon  has  2  objects  to  accom- 
plish: first,  the  proper  exposure  of  the  field  or  region  demanding  surgical  in- 
terference, that  the  work  may  be  done  thoroughly  and  expeditiously ;  second, 
the  preservation  of  the  abdominal  wall  from  subsequent  hernia.  That  these 
must  be  accomplished  with  the  minimum  degree  of  injury  to  the  parietes  is 
axiomatic.  The  proper  exposure  of  the  field  of  operation,  the  speed  in  doing 
this,  the  careful  accomplishment  of  the  essential  part  of  the  operation,  the 
proper  closure  of  the  abdominal  wound,  all  make  toward  a  successful  result. 
The  too  small  wound,  the  poorly  developed  field,  the  stumbling  technic,  the  finical 
attention  to  the  non-essential,  mark  the  poor  surgeon  and  add  immeasurably  to  the 
length  and  dangers  of  the  operation. 

The  advance  of  aseptic  surgery,  while  rendering  safer  all  abdominal  oper- 
ations, has  at  the  same  time  led  many  untrained  and  "occasional  operators''  to 
attempt  an  incursion  into  the  field  of  surgery  for  which,  by  education  and 
previous  training,  they  are  in  no  way  fitted.  The  most  careful  examination  may 
only  allow  the  surgeon  to  make  a  tentative  diagnosis,  and  he  must  be  equipped 
to  undertake  and  carry  through  some  of  the  most  difficult  and  technically  com- 
plex operations  in  abdominal  surgery.  He  must  be  thoroughly  grounded  in  the 
anatomy  of  the  abdomen,  not  only  as  seen  in  the  dissecting  room,  but  also  as 
seen  in  the  field  of  an  operation.  His  sense  of  touch  must  be  well  developed 
that  he  may  recognize  things  not  seen  and  know  the  feel  of  things  pathological 
as  well  as  anatomical. 

The  young  surgeon,  betrayed  by  the  clearness  and  the  apparent  ease  of  the  steps 
of  an  operation  as  shown  by  the  too  perfect  plates  of  some  operative  surgery,  may  find 
himself  in  the  midst  of  the  greatest  effort  of  his  life;  and  fortunate  is  he  if  he  has 
been  well  grounded  in  one  of  the  fundamentals  of  a  good  surgeon,  a  thorough  knowl- 
edge of  anatomy. 

Balance,  a  rare  quality,  is  an  added  asset.  The  surgeon  possessed  of  this  attribute 
will  be  better  able  to  settle  the  many  problems  requiring  quick  decision  that  confront 
the  abdominal  operator. 
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The  abdomen  is  opened  for  in  juries  and  diseases  of  it*  contained  organ* 
and  viscera,  for  anomalies  of  development.  for  <ii  -placement*  due  to  injury  or 

disease,  and  for  condition  s  formerly  thought  t  -.  I*  -,,  the  domain 

of  medicine.  So  greatly  ha*  tin-  iieM  of  al-lorni,,;,!  -urgery  enlarged,  not  only 
because  of  the  wider  scope  of  the  surgeon's  own  .  •  •  ..  hut  l«-.v.uife  of  the 

inclusion  of  this  latter  class,  that   many  patii-i.-  lly  ill  resort  to 

surgical  treatment.     These,  not  driven  by  pain  or  ;ive  di«c**c,  seek 

help  for  relief  of  conditions  which,  i  :  avail,  iiumt  be  cured 

without  a  constant  reminder  of  tin-  mean*  employed  to  the  i-nd.  The  man  or 
woman  saved  from  an  intestinal  obstruction  or  a  spreading  peritonitis  counts  a4 
little  the  resulting  scars  and  painful  cicaf  He,-.  1  vctitnil  hernia  would 

be  thought  a  small  price  to  pay   for  en-ape  from  im|H-ndinL'  .l«-:tih.     Thi 
erance  of  surgical  work  does  not  obtain  anmnLr  those  not  scri<ui»)y  ill.    To  them 
the  surgeon  must  bring  a  skill  and  a  retii  •  •"  his  art  that  will  enable  him 

to  invade  the  abdomen  without  lea\  inir  in  his  wake  a  train  of  sutf.  How 

this  may  be  done  comes  under  the  head  of  L'«-IM  nil  abdominal  technic  and  the 
study  of  abdominal  incisions. 

GENERAL  ABDOMINAL  TECHNIC 

Preparation  of  the  Patient.-  -In  addition  t<;  the  diagnosis  of  the  local  con- 
dition and  a  careful  estimate  of  the  benefits  to  he  deri\ed  from  the  operation, 
a  thorough  physical  examination  of  the  entire  Uidy  should  be  made,  the  func- 
tion of  the  kidneys  carefully  estimated,  and  all  hilxiRitory  and  pathological 
findings  recorded.  A  compensated  heart  lesion  should  not  stand  a«  a  contra- 
indication, provided  the  indications  for  operation  outweigh  the  ri«kr  aa  such 
patients  bear  an  anesthetic  well.  Under  the  same  conditions  a  rvcognixed  renal 
lesion  should  warn  one  that  the  anesthoia  should  be  of  the  briefest  and  lightest 
compatible  with  the  accomplishment  of  the  ob 

The  bowels  should  be  emptied  by  a  cathartic  -iven  the  niirht  before  opera- 
tion, followed  by  enemata  in  the  morning.  Prolomn-d  attention  to  the  boweb 
is  not  advisable  and  is  apt  to  give  rise  to  postoperative  complications. 

The  diet,  too,  is  best  not  interfered  with,  except  in  cases  of  diabetes, 
obesity,  and  nutritional  disorders,  in  which,  of  course,  sjnvial  feeding  is  of  the 
utmost  importance.  Solid  food  is  withheld  during  the  \-  hours  previous  to 
operation.  Small  amounts  of  fluid  may  be  given  during  this  time.  Long  pre- 
liminary preparation  and  special  dieting  are,  in  the  ordinary  case,  next  to  uae- 
less,  as  it  centers  the  mind  on  the  operation  and  thus  defeats  its  purpose. 
ticipatory  dread  is  enonn-h  to  disturb  normal  digestion,  and  anything  that  pro- 
longs and  intensifies  it  is  to  be  avoided.  This,  however,  does  not  mean  that 
everything  should  not  be  done  to  get  the  patient  in  the  best  possible  condition 
provided  sufficient  time  is  available.  In  einer.  .<es  where  the  preliminary 

preparation  is  completed  within  an  hour  ono  often  sees  less  postoperative  dis- 
turbance than  in  cases  that  have  under-one  a  longer  preparation.    The  majoritv 
51  B 
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of  these  patients  look  to  the  operation  as  a  means  of  relief,  and  there  is  little 
functional  disturbance  other  than  that  caused  by  the  disease. 

The  routine  administration  of  morphin  and  atropin  shortly  before  opera- 
tion has  a  markedly  beneficial  effect  in  controlling  nervousness  and  materially 
diminishing  bronchial  secretion.  It  increases  the  effect  and  diminishes  the 
amount  of  the  anesthetic  required. 

It  is  of  extreme  importance  that  all  preparation  should  be  carried  on  quietly 
and  without  hurry,  and  that  the  demeanor  of  those  about  the  patient  should  be 
interested  but  not  anxious.  The  conduct  of  the  surgeon  and  his  assistants  goes 
a  long  way  toward  allaying  fears  and  inspiring  confidence  in  the  successful 
outcome  of  the  operation.  Too  often  the  nervous  or  irritable  surgeon  imparts 
some  of  his  lack  of  equilibrium  to  a  young  and  inexperienced  nurse  or  doctor, 
and  the  result  is  not  happy.  Preparedness  on  the  part  of  the  surgeon  and  of  his 
assistants  will  obviate  much  of  this,  but  the  hurrying  and  fault-finding  surgeon 
will  never  be  well  served. 

PEEPAEATION  OF  THE  FIELD  OF  OPERATION. — The  details  of  steriliza- 
tion of  instruments,  dressings,  gowns,  and  operating-room  furniture,  and  the 
preparation  of  suture  material  are  treated  elsewhere  in  this  book.  The  two 
methods  most  in  vogue  in  preparing  the  field  will  here  be  contrasted. 

The  older  method  of  preparation  with  vigorous  scrubbing  of  the  abdomen, 
the  green  soap  poultice  or  wet  antiseptic  dressing  left  on  overnight,  followed 
by  more  scrubbing  just  before  operation,  is  happily  a  thing  of  the  past.  The 
operators  who  still  prefer  this  method  have  modified  it  by  eliminating  the  wet 
poultice  or  antiseptic  dressing  (left  on  over  night)  from  the  preparation.  A 
dry  sterile  dressing  is  substituted  and  left  on  till  the  final  washing  with  green 
soap,  alcohol  and  ether,  and  sterile  salt  solution. 

In  the  majority  of  clinics  the  dry  preparation  with  iodin  is  most  in  use. 
This  method,  known  as  Grossich's,  has  many  advantages.  It  is  especially 
adapted  to  emergency  cases.  Grossich  lays  special  stress  on  not  using  any 
watery  solutions  before  the  application  of  the  tincture  of  iodin.  If  this  is  ob- 
served, the  epithelial  cells  will  be  dry,  and  deep  penetration  of  the  iodin  will 
take  place.  There  is  no  issue  as  to  the  sterilization  by  either  method.  The  ad- 
vantages of  the  iodin  preparation  over  the  older  method  lie  in  its  universal 
applicability  for  fresh  incisions,  for  open  wounds,  for  infected  wounds,  for 
speed,  and,  lastly,  for  cheapness. 

According  to  this  method,  the  patient  lies  on  a  dry  table,  not  subjected 
to  the  chilling  effects  of  evaporating  lotions,  the  bodily  heat  being  thus 
more  easily  maintained.  The  main  objection  urged  against  this  method  is 
the  fear  of  a  chemical  peritonitis,  increasing  the  danger  of  postoperative 
adhesions.  Now  that  we  are  aware  of  such  a  possibility,  it  may  be  avoided 
by  protecting  the  peritoneum  from  contact  with  the  iodin  by  means  of  pads 
clipped  to  the  sides  of  the  incision,  or  by  clipping  the  wound  edges  to  sterile 
towels. 

CLOTHING  OF  THE  PATIENT  FOE  THE  OPERATING  EOOM. — This  should  be 


ABDOMINAL   SECTION;    LAI'Ai:oTo.\n 

carefully  considered.  Closed  log  drawers  of  canto,,  ilannel,  warmed  blanket* 
over  chest  and  legs,  and  the  pneumonia  jar!  nj  amoog  the 

necessary  parts  of  the  outfit.  Appliance*  |..r  wanuii,-  the  table  are  very  useful 
in  long  operations,  but  must  lx?  watched  with  the  utniM*t  «-an-  f.,r  fi-ar  ..f  burn- 
ing  the  patient.  As  a  rule  they  are  not  neccauir  .  cxi-m-d  in 

other  ways  for  the  protection  of  the  patient.  T«N.  „,,„.),  KtrtaM  cannut  be  laid 
on  not  allowing  the  patient  t.i  lie  dim.,-  a  |.,!,L'  ,,jH.rati..n  in  a  pool  of  water. 
This  will  not  occur  with  the  iodin  preparation.  or  if  one  ;»1  in  tbe  DM 

of  irrigating  fluids  during  the  operation. 

The  Operating  Room.  -This  is  di^u^l  fully  in  another  part  of  thU  work. 
Suffice  it  to  say  that,  given  a  •.,„«!  northern  li-ht,  the  ki-\n..tr  -h-.tild  be  *im- 
plicity.  In  the  matter  of  funii>hii.->,  a  suitable  table  pr  .th  h.-ad  ami 

foot  elevations  and  kidney  ridue.  -2  m.. vahle  tables,  1  for  in.trtiraenU  and   : 
dressings,  and  2  stands  for  hand  dmiehes,  are  all  that  are  essential.    Storili/^-ni 
for  instruments,  dressings,  basins,  and  pitchers  and  tbe  etherizing  rooms  should 
all  be  outside  the  operating  room. 

When  operating  in  the  patient's  home,  the  same  simplicity  ftbould  mark 
the  preparations.  The  room  should  have  as  good  a  light  as  can  be  secured,  with 
the  curtains  removed  from  the  windows  and  the  latter  draped  with  cheese-doth 
or  soaped.  Other  cleaning  is  unnecessary,  provided  the  ojH-rat.T  and  hi*  as- 
sistants keep  constantly  in  mind  the  asepsis  of  the  surgical  field.  In  other 
words,  one  may  operate  with  perfect  safety  in  a  barn  or  shed,  provided  the 
aseptic  integrity  of  the  surgical  field  is  preserved.  This  rule  holds  good  whan 
the  region  near  the  proposed  incision  cannot  IH»  rendered  .-terile.  I  have  oper- 
ated on  an  acute  appendix  in  a  patient  suffering  from  iTytipohu,  where  the 
line  of  redness  on  that  side  came  to  Poupart's  ligament,  and  secured  primary 
union  in  the  operative  wound. 

In  field  hospitals  in  war  time  the  greatest  problem  i>  r  where  great 

bodies  of  men  have  fought  the  atmosphere  is  apt  to  bo  laden  with  it.  If  the 
emergency  is  not  too  great,  it  is  better  to  delay  operating  until  freedom  from 
dust  can  be  secured. 

Assistants. — One  assistant  besides  the  anesthetist   is  sufficient  in  tbe  ma- 
jority of  abdominal  operations.     There  should  IKJ  one  "strrile"  nun**  f.T  in- 
struments  and   dressings,   and   one  "non-sterile"    nurso   for  work  about  the 
operating  room  not  bringing  her  in  contact   with  the  tield  of  operat 
well-trained  orderly  for  the  heavy  work,  such  as  lifting  patients  on  and  off  the 
operating  table  and  cleaning  up  between  operations,  is  of  great  assistance. 
second  surgical  assistant  is  at  times  i  .  but  it  is  letter  to  learn  to  work 

with  as  few  as  possible  coming  in  contact  with  the  wound. 

Position  of  the  Operator. — A  riizht  handed  ojHTator  should  be  on  the  rigbt 
of  the  patient,  a  left-handed  operator  on  the  left.     In  ]>elvio  work 
be  convenient  to  change  one's  position  from  one  side  to  the  other  so  as  to  brine 
the  palmar  surface  of  the  fingers  to  bear  on  the  or-an  or  structure  being  han- 
dled.    Operators  of  short  stature  require  a  low,  broad  footr«tand  to  raise  mt 
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to  an  easy  position,  especially  for  work  on  a  patient  in  the  Trendelenburg 
posture. 

Position  of  the  Patient. — For  ordinary  abdominal  operations  the  dorsal 
position  is  the  best  with  which  to  start,  and  in  this  position  all  exploration  of 
the  abdomen  should  be  done. 

If  the  operation  is  a  pelvic  one,  the  patient  is  put  in  the  Trendelenburg 
posture  after  the  abdomen  has  been  opened  and  all  exploration  completed.  On 
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FIG.  10. — MUSCULATURE  AND  NERVE  DISTRIBUTION  OF  ABDOMINAL  WALL. 


terminating  the  operation,  the  patient  is  lowered  to  the  dorsal  posture  for  the 
closure  of  the  abdomen. 

Similarly,  when  the  work  is  in  the  upper  abdomen,  gall-bladder,  or  stom- 
ach, the  incision  should  be  made  while  the  patient  is  in  the  dorsal  position.  He 
should  later  be  elevated,  if  necessary,  by  means  of  the  kidney  bridge  to  give 
the  exposure  required;  and  again  lowered  to  allow  for  closure  of  the  wound 
under  conditions  of  less  strain. 
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Kenal  and  ureter  operations  in  general  require,  the  prone  or 
sition,  with  the  kidney  bridge  or  Edebohl*'  ru,hio,,  to  give  the 
iionro  to  the  loin. 

<  Insure  of  tlie  abdomen,  in  condition*  ,,f  marked  dUti-iitim. 
facilitated  by  raising  the  h,,,d  of  tin-  M^ratin^  table  and  thiw  obuini 
relaxation. 

The  Incision.-Tn  considering  how  best  to  approach  aome  organ  or  rwon 

with  the  least  possible  amount  ,,f  damage  one  will  be  repaid  »,v  tt  contemplative 
review  of  the  abdomen  u  to  lU  boundaries.  musculat  :  ih-  dUtribtitioo 

of  the  motor  nerves  to  its  walls.     Tim,  wo  may  visualize  the  aU.,mi,ia|  ,, 
as  an  oval  in  its  coronal  and  aagittal  planes  and  as  m.ifonn  in  eroaa  section, 
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bounded  above  by  the  diaphragm  archinir  under  the  wide  springing  ribs,  below 
by  the  levator  ani  dipping  into  the  pelvis,  its  walls  partly  bony,  mostly  muscu- 
lar, giving  content  to  its  organs  and  viscera.  The  \  pairs  of  muscles  through 
which  we  must  go  in  the  great  majority  of  abdominal  operations  are  the  r 
the  transversali,  and  the  obliqui.  Urirtly,  the  3  pairs  of  lateral  abdominal 
muscles  arise  posteriorly  from  the  adjacent  ribs,  the  lumbar  aponetirats,  and 
iliac  crest,  and  are  inserted  anteriorly  by  means  «>f  their  aponeurotic  expansions 
in  the  median  line,  forming  the  linea  all-a:  having  first  split  in  their  upper 
three-fourths  to  form  the  sheath  of  the  nvti.  in  their  lower  fourths  all  3  ex- 
pansions pass  in  front  of  the  recti.  The  lower  dorsal  and  2  upper  lumbar 
nerves  are  distributed  to  this  muscular  wall  in  serial  order,  a  pair  of  nerves  dis- 
tributing filaments  to  each  somatic  layer,  lying  first  between  the  transversal! 
and  the  internal  obliqui,  finally  ending  in  the  nvti.  having  pierced  their  poa- 
terior  sheaths. 

This  being  the  material  upon  which  we  must  work,  we  have  the  choice  of 
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several  methods  in. gaining  access  to  an  organ  or  region  of  the  abdomen:  In- 
cision through  fascia,  muscle  splitting,  muscle  retracting,  muscle  splitting  and 
retracting,  and,  lastly,  muscle  division. 

Incisions  through  fascia,  i.  e.  the  median  line,  while  avoiding  nerve  division, 
are  apt,  owing  to  the  tendency  of  connective  tissue  to  stretch,  to  give  us  weaker 
scars.  Most  surgeons  go  to  either  side  of  the  median  line  and  split  the  recti  or 
retract  them,  thus  obtaining  a  stronger  union. 

In  muscle-splitting  operations,  as  practiced  in  the  McBurney  operation  for 
appendicitis  or  for  left-sided  colostomy,  care  should  be  exercised  not  to  tear  or 
divide  any  motor  nerve  that  may  be  running  near  or  across  the  split.  The 
same  may  be  said  in  muscle-retracting  operations  as,  at  the  outer  border  of  the 
rectus  below  the  level  of  the  umbilicus  (the  Kammerer  incision),  it  is  possible, 
if  care  is  taken,  to  avoid  the  nerves  entering  the  rectus  by  means  of  gentle 
retraction  or  by  working  through  the  upper  or  lower  portions  of  the  incision, 
as>  the  case  may  require. 

The  disabling  effects  of  muscle  division,  necessary  in  many  operations, 
may  be  minimized  by  careful  suturing  of  the  retracted  ends.  Division  of  a 
muscle  through  its  belly,  provided  its  nerve  supply  is  not  disturbed,  is  not  so 
disabling  as  one  would  at  first  suppose.  The  recti  are  interrupted  by  tendinous 
inscriptions,  and  the  portions  of  the  muscle  between  these  inscriptions  have  an 
independent  nerve  supply;  it  is  thus  possible  to  divide  these  muscles  trans- 
versely near  a  tendinous  inscription  and,  after  suturing,  get  little  or  no  loss  of 
function.  We  know  that  these  inscriptions  do  not  all  extend  through  the  entire 
thickness  of  the  muscle,  but  that  portion  of  the  muscle  subtending  any  one  in- 
scription is  apt  to  have  a  double  nerve  supply,  as  the  parts  above  and  below  the 
inscription  have  an  independent  supply. 

Postoperative  hernia,  as  well  as  primary  hernia,  has  as  a  contributing  cause 
the  out-pouting  of  the  peritoneum  from  the  generally  smooth  contour  of  the 
interior  of  the  abdominal  cavity.  The  intestines,  under  conditions  of  strain, 
find  these  reentrant  angles  or  pouches,  and  if  the  pouch  is  not  well  supported 
at  its  back  a  hernia  is  bound  to  occur. 

These  reentrant  angles  or  pouches  may  come  to  be  formed  in  a  number  of 
ways.  There  are  those  which  are  normally  in  the  lower  abdomen,  formed  by 
the  peritoneum  being  thrown  into  folds  by  the  urachus,  the  obliterated  hypo- 
gastric,  and  the  deep  epigastric  arteries ;  another,  where  the  peritoneum  dips  be- 
neath Poupart's  ligament,  tending  to  enter  the  femoral  sheath.  The  occurrence 
of  hernia  through  the  lateral  inguinal  fossa  leading  to  the  pre-formed  processus 
vaginalis  is  too  common  to  require  mention.  The  pouch  on  either  side  of  the 
urachus  is  too  well  protected  by  the  insertion  of  the  recti  to  allow  hernial  pro- 
trusion. The  mesial  inguinal  fossa  and  the  femoral  fossa  are  often  the  sites  of 
hernia.  Hernise  into  the  inferior  duodenal  fossa,  intersigmoid  fossa,  and 
through  the  diaphragm  are  all  examples  of  how  a  pouch  of  peritoneum,  unless 
strongly  protected  from  further  protrusion,  acts  as  a  causative  factor  in  the 
production  of  hernia. 
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This  outpouring  of  the  peritoneum  occur*,  following  operations  on  the 
abdominal  wall,  from  faulty  closure  of  the  peritoneum  ,  from  paralraia  of  a 

muscle,  its  motor  nerve  having  heen  cut;  from  Mippuration  if)  *ith 

destruction  of  muscle  and  fascia  which  xhonl.l  )u,xe  acti-d  »*  a  barrier;  and 
from  too  long-continued  drainage  allowing  the  fa*t  pmli  ondothelium 

to  extend  itself  along  the  tract  of  the  drain.  In  mii^-le  retracting  operations, 
where  it  has  heen  necessary  to  use  a  drain,  the  retracted  muscle*  are  apt  t<> 
become  adherent  one  to  the  other  in  their  displaced  positions,  thus  leaving  a 
weak  area  along  the  line  of  separation. 

LENGTH  OF  INCISION.-  For  exploratory  inci.,iona,  whether  mfKJ*  "fHJff 
local  or  general  anesthesia,  a  length  nf  -2  or  :;  in.  will  he  found  ample  to  give 
information  by  sight  and  touch.  The  cxploratnn  |  nlmuM  be  w»  placed 

that,  on  finding  that  the  operator  may  proceed,  it  may  be  utilized  by  simple  ex- 
tension for  the  operative  procedure. 

Many  uncomplicated  operations  may  be  performed  without  ir.tr. -during  the 
hand  into  the  abdomen.  For  such  a  small  inei.-ion  i-  all  that  in  required. 

In  operations  for  the  removal  nf  large  tumors,  or  wbere  the  operative  work 
is  carried  on  at  a  great  depth,  longer  incisions  are  necessary.  Where  one  ia 
hampered  by  a  small  incision,  nr  is  needle-sly  prolonging  aji  operation  by  trying 
to  work  through  too  small  a  wound,  it  is  good  jmlirim  nt  t-»  promptly  enlarge  the 
wound.  Too  many  surgeons  think  they  have  done  full  just'u-f  to  their  patients 
if  they  have  followed  strictly  the  steps  of  an  operation  and  done  their  work 
through  a  small  incision;  forget timr,  or  at  least  lo.-ii.  "f.  the  fart  that 

they  have  added  immeasurably  to  the  shock  of  the  operation  by  rough  handling 
of  the  intestines  necessitated  by  the  small  incision,  and  increased  its  dangers 
by  prolonged  anesthesia. 

For  injuries,  gunshot  and  stab  wounds  of  the  abdomen,  the  para  median  in- 
cision, either  above  or  below  the  iimhilieus.  will  In*  found  oftener  t«»  fulfill  the 
requirements.  In  these  injuries  there  is  little  likelihood  that  the  work  within 
the  abdomen  will  be  carried  on  in  the  neighborhood  of  the  superficial  trauma. 

For  reentering  the  abdomen  about  a  hernial  protrusion,  near  an  old  ciratrix, 
or  where  one  fears  the  intestine  may  be  adherent,  it  is  heat  to  circumscribe  the 
old  scar  or,  having  reached  the  peritoneum,  to  pick  it  up  and  try  it  here  and 
there  until  one  is  satisfied  that  he  has  found  a  spot  where  it  is  safe  to  r 
If  it  is  found  that  further  work  must  be  done  in  another  part  of  the  abdomen, 
the  original  incision  should  be  abandoned  and  a  second  one  made. 
surgery  to  attempt  to  do  work  at  a  distanec  from  the  seat  of  trouble 
extend  the  original  wound  to  reach  the  new  field  by  dividing  motor  nerve*,  the 
inevitable  result  being  paralytic  hernia. 

Treatment  of  the  Open  Wound.     As  soon  as  the  abdomen  has  heen  opened, 
hot,  moist  gauze  pads  should  be  clipped  to  the  sides  of  the  incision  in  order  that 
coils  of  intestine  or  eviscerated  organs  may  be  received  .-n  a  -nrfaof  that  wil 
cause  the  least  degree  of  trauma  and  prevent  loss  of  heat.     If  coils  of  intestine 
have  to  be  kept  outside  the  abdomen  for  any  length  of  time,  they  should  he 
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received  in  hot  towels,  and  these  renewed  from  time  to  time.  The  operative 
field  having  been  developed  and  the  operation  being  a  clean  one,  no  walling  off 
of  the  field  with  gauze  packing  is  necessary.  The  gauze  pads,  even  when  moist, 
are  liable  to  traumatize  the  delicate  peritoneal  cells,  or  by  getting  in  one's  way 
to  narrow  the  field  and  lengthen  the  operation. 

When  soiling  of  the  field  is  likely  or  to  be  feared,  broad,  moist  abdominal 
pads  should  be  placed  about  it  and  not  disturbed  until  the  operation  is  finished. 
Lesser  pads  may  be  placed  in  the  wound  and  renewed  from  time  to  time.  The 
changing  of  these  will  not  soil  or  traumatize  the  regions  protected  by  the  larger 
pads. 

All  sponging  had  best  be  done  with  moist  gauze,  well  wrung  out,  mounted 
on  "sponge  holders."  Adherent  omeiitum  can  often  be  pinched  off  without 
exciting  hemorrhage.  When  this  cannot  be  done,  its  division  with  chain  liga- 
tures on  the  proximal  side  is  the  safest  plan. 

Adhesions. — When  of  recent  formation,  adhesions  are  easily  broken  down  by 
gentle  pressure  with  the  fingers,  causing  little  bleeding.  What  bleeding  does 
occur  is  easily  controlled  by  temporary  packing  with  hot,  moist  gauze.  Older 
adhesions  about  old  inflammatory  processes  in  gall-bladder,  stomach,  tubes  and 
ovaries,  and  those  about  malignant  growths,  give  much  more  trouble,  and  their 
separation  must  be  undertaken  with  the  greatest  care.  A  bowel  in  contact  with 
inflammatory  processes  is  apt  to  have  its  walls  swollen  and  edematous,  and  any 
rough  handling  of  the  adhesions  will  open  its  lumen.  Patience  and  great  care 
must  be  exercised  in  their  separation,  pushing  gently  with  the  fingers  where  a 
line  of  cleavage  may  develop,  dividing  between  ligatures  where  stronger  bands 
exist,  avoiding  too  close  approach  to  the  bowel  \vhere  its  lumen  is  in  danger. 
Large  broad  areas  of  adhesions  binding  coils  of  intestine  together,  where  there 
is  no  angulation  or  undue  narrowing  of  the  gut,  had  best  be  left  alone.  All 
bands  or  free  running  cords,  about  which  a  loop  of  gut  might  become  strangu- 
lated, must  be  divided. 

The  tendency  of  the  peritoneum  to  form  adhesions  about  some  infective 
focus  or  perforation  is  a  life-saving  function.  The  reproductive  or  proliferative 
power  of  the  peritoneal  cells  renders  possible  the  many  operations  on  the  in- 
testines. Few  would  have  successful  results  in  intestinal  work  depending  solely 
on  their  technic  for  the  outcome,  were  it  not  for  the  fact  that  the  peritoneum 
cements  in  one's  line  of  suture  in  a  few  hours.  This  protective  power  of  the 
peritoneum  is  utilized  in  many  operations  where  a  region  is  to  be  walled  off,  or 
a  tract  or  channel  established  from  some  suppurating  focus  or  doubtful  organ 
to  the  external  wound.  This  is  done  by  drains,  temporary  packing,  and  the 
like,  to  make  the  communication  desired  between  the  operative  field  and  the 
skin  incision.  This  protective  peritonitis  from  trauma  or  infection  is  the  key 
to  success  in  the  majority  of  abdominal  operations.  The  power  of  the  perito- 
neum to  wall  off  a  threatened  area  and  hold  it  quarantined  until  the  surgeon 
can  relieve  the  primary  condition  renders  abdominal  surgery  possible.  Other- 
wise, the  larger  proportion  of  patients  would  be  beyond  help  before  surgical 
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aid  could  be  brought.     A  knowledge  of  how  the  p, 

such  conditions  should  teach  us  that,  if  one  relieves  th-  pmuarj  condition,  be 

need  pay  no  attention  to  the  iurronndin|  m  that  will  take  can- 

itself. 


The  power  of  individuals  to  form  adhesions  in  the  peritoneal  cavttj  U  not 

uniform,  sometimes  being  dependent  on  what  i*  called  resistance  or  imnu. 
sometimes,  on  the  other  hand,  on  pn*di.,M,,iii,,,,.     I  u  some  case*,  however. 
simply  fortuitous,  depending  on  the  slow  devrlopmrnt  ..f  i|,,.  trouble.  a*  an 
inflammatory  focus  or  the  gradual  p,  „  ,,f  a  h,,||,,  \\'\un  Om 

infection  is  fulminating  or  where  the  hollow  01  .,.^1 

when  perforation  occurs,  lame  ,p,antitic-  of  materil  at  one*; 

the  peritoneum  is  then  overwhelmed  and  then*  i*  no  tiim-  f,,r  a<Ui«*ion«  to  form, 
the  result  being  a  general  peritonitis.      Intlamn.  tcctiv*  adbeJMMM 

have  likewise  great  power  of  reab>orpti..u  after  tlie  cause  tl.  l*tn  into 

existence  has  disappeared  or  been  removed. 

There  yet  remains  a  class  of  inflammatory  and  postoperative  adhesion*  that 
requires  careful  consideration,  because  of  their  power  to  disturb  and 

cause  pain.     When  disturbance  of  function  re-ulr-  from  adhesions  causr* 
some  previous  inilammatory  process,  relief  can  usually  be  brought  about  bv 
removal  of  the  diseased  condition  and  freeing  that  |Mirtimi  «»f  the  mass  of  ad- 
hesions giving  rise  to  the  disturbance  of  function.     The  game  applies  to  ad 
hesions  resulting  from  some  operative  procedure,  hut  one  should  etwr  bear  in 
mind  how,  by  perfecting  his  operative  technic.   he  may   pn-vmt   th««ir  forma- 
tion in  the  first  instance. 

The  means  of  prevention  may  he  summari/ed  a-  follows:  proper  and  ample* 
incision;  one  complete  and  final  exploration  ;  development  of  HIM-'*  field:  gentle 
retraction;  gentle  handling  of  the  intestine.-:  DM  ol  u  Dial  gal  •  avoi.lance  of 
chilling  or  drying  of  intestinal  coils:  use  of  IH>I.  -irritating  irrigation;  the 
speediest  possible  performance  of  the  operation  ;  avoidance  of  sepsis;  avoidance 
of  drains,  where  possible;  their  early  removal,  when  used;  proper  rest  of  tbe 
wound;  frequent  change  of  position  that  does  not  disturb  the  wound  during  tbe 
first  few  days  subsequent  to  operation  ;  stimulation  of  intestinal  movement  by 
enemata  and  colonic  irrigations. 

Hemorrhage.  —  Hemorrhage  is  best  controlled  by  tying  all  bleeding  point* 
as  they  appear.  Clamps  left  on  severed  vessels  soon  atvumulate  and  hamper 
the  work  in  the  wound.  Only  the  bleeding  point  should  be  seized  and  as  little 
adventitious  material  as  possible  included  in  the  ligature. 

Aseptic  thrombi  do  not  break  down  nor  furnish  emMi  t«»  be  carried  to 
other  parts  of  the  body.  Large  masses  of  tissue  shut  off  from  their  blood  supply 
by  ligatures  have  to  be  taken  care  of  by  the  peritoneum  ;  and  if  they  have  ben 
subjected  to  much  handling  and  consequent  trauma,  their  partial  disintegration 
may  interfere  with  aseptic  thrombus  formation  in  the  neighboring  vessel. 

When  it  is  known  or  previously  recognized  what  vessels  are  to  be  severed. 
they  should  be  divided  between  clamps  and  then  ligated.  Subperitoneal  hetnor- 
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rhage  in  bowel  or  mesentery  should  be  promptly  controlled  by  ligature  passed 
on  a  fine  needle.  (I  prefer  to  use  an  aneurysm  needle  with  fine  catgut. — 
EDITOR.) 

If  the  habit  of  securing  only  the  vessel  is  practiced,  ligature  material  other 
than  catgut  will  seldom  be  required.  This  will  aid  in  obtaining  prompt  and 
permanent  healing  of  the  wound,  as  it  eliminates  the  possibility  of  troublesome 
sinus  formation  from  silk  ligatures  placed  on  infected  pedicles.  The  perito- 
neum will  perform  the  most  wonderful  feats  of  absorption,  but  silk  ligatures  it 
cannot  digest.  All  it  can  do  is  to  encapsulate  foreign  non-absorbable  material, 
and  then  only  when  the  foreign  substance  is  absolutely  sterile  as  well  as  the 
tissues  in  which  it  lies. 

Hemorrhage  from  a  large  area  in  the  form  of  persistent  oozing,  such  as 
occurs  following  the  enucleation  of  a  tumor  or  inflammatory  mass  from  its  bed, 
must  be  controlled  by  a  pack ;  this  is  due  to  the  mouths  of  the  minute  vessels 
being  held  open  by  the  surrounding  inflammatory  thickening  and  rigidity  of 
the  tissues.  The  tampon  described  by  Mikulicz  is  the  best  for  this  purpose. 
Every  effort  should  be  made  to  control  the  oozing  by  temporary  packing  of  the 
space  with  hot  moist  gauze,  the  Mikulicz  gauze  tampon  being  used  only  as  a 
last  resort.  Its  use  necessitates  wide  drainage  of  the  wound,  which  should  be 
avoided  whenever  possible. 

The  thermocautery  has  a  limited  field  of  usefulness  in  controlling  hemor- 
rhage within  the  abdomen;  only  where  the  spread  of  malignant  disease  is 
feared  may  it  be  used,  when,  by  sealing  the  mouths  of  lymphatics  and  venous 
channels,  it  prevents  transplanting  of  dislodged  malignant  cells  on  adjacent 
raw  surfaces. 

Drainage. — This  opens  a  wide  field  for  discussion,  and  as  the  battle  of 
opinions  has  been  very  thoroughly  fought  out,  it  will  be  sufficient  here  to  give 
only  a  brief  consideration  of  the  subject. 

One  must  have  a  very  clear  idea  of  what  he  is  going  to  accomplish  by  drain- 
age, and  an  equally  clear  understanding  of  the  conditions  calling  for  it. 

An  abscess  must  be  drained  whether  it  lies  within  or  outside  the  abdomen. 
If  it  is  deep  within  the  abdomen,  and  access  to  its  interior  cannot  be  gained 
except  by  traversing  the  peritoneal  cavity,  then  this  must  be  done  and  means 
provided  for  the  safe  conduct  of  the  infectious  material  to  the  surface  of  the 
body.  This  is  effected  by  means  of  gauze  packing  leading  from  the  external 
wound,  across  the  peritoneal  cavity,  to  the  site  of  the  abscess.  By  virtue  of  the 
power  of  the  peritoneum  to  form  adhesions  about  a  foreign  substance,  a  tract 
is  soon  formed  around  the  packing  which,  when  the  gauze  is  removed,  gives 
exit  to  the  contents  of  the  abscess  under  conditions  of  safety. 

Hemorrhages  or  abscesses  of  the  pancreas  must  be  dealt  with  in  the  same 
manner.  Ovarian  cysts,  whose  walls  cannot  be  removed  owing  to  surround- 
ing inflammation,  may  be  stitched  to  the  margins  of  the  abdominal  wound  or 
drained  in  the  same  manner  as  cysts  of  the  pancreas. 

In  operations  on  the  bile-passages  drainage  of  the  common  duct  must  be 
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practiced  when  ma.le  necessary  by  reason  of  infeeti.,,, :  ilr.i,  ,n  ,,rd,-r  to  wall  off 
this  region  from  the  general  peritoneal  cavity;  w<c..n.|.  t-  IIIMM  of 

escape  for  bile  that  may  leak  from  the  rubber  tube  placed  in  the  du.-t. 

Anastomosing  operations  on  the  large  int.Mii.i-  nipim-  drainage,  a*  aiiturv 
of  this  portion  of  the  alimentary  tnlx-  ,-ann,,t  |M.  d.-|M-.,d.-d  upon  and  a  tract 
must  be  provided  from  the  sit.-  of  tin-  operation  t,,  the  external  wound.  Not 
to  drain  in  these  operations  is  to  run  an  unnere^arv  risk, 

In  operations  where  la.-c  >|m-.U  of  int!.,, Minatory  tis«ue  hare  to  be  left,  or 
where  the  viability  of  a  portion  of  tl.c  Uwd  wall  .U.  drainage  ia  neee*- 

sary. 

Whether  to  drain  or  not  in  a  given  operation  i,,u,t  »*•  left  to  tbc  judgment 
of  the  individual  operator.     To  formulate  a  rnlc  by  whi.-h  <,i,<.  may  be  gu 
in  all  cases  is  very  difficult.     It.  would  seem  an  •  •.  -,.r  t«.  preant  certain 

concrete  examples,  stating  in  each   inquire  what  cmisidrrutioiis  abould  p 
one  in  arriving  at  his  conclusion  f,,r  or  aiMm>t  drainage. 

When  one  opens  a  pus  pocket  in  operating  f,,r  a.-utc  appendicitis,  and  the 
immediate  peritoneal  field  is  soiled  in  spon»ini:  out  the  pus,  he  ahould  not 
drain,  provided  the  appendix  can  l»e  removed  and  its  l.a-<-  <-ni-h«-d  ntid  invt-rted. 
Here  one  would  fear  more  the  infection  of  the  muscle  plane*,  knowing  that  if 
the  cause  he  removed  the  soiling  of  the  jM-ritoneal  tid<l  will  not  ^j  to 

trouble.  In  such  a  case  a  small  rubber  tissue  drain  .-honld  be  inserted  down  to 
the  peritoneum,  but  not  through  its  line  of  >utrn-. 

Similarly  in  a  case  of  acute  appendicitis  where  there  is  much  free  cloudy 
exudate,  but  few  adhesions,  only  moderate  injection  of  the  j*  ritonruni.  and 
that  shading  off  as  one  proceeds  from  the  site  of  the  appendix,  be  nhould  not 
drain;  knowing  that  here,  too,  the  peritoneum  will  take  care  «.f  itself,  ev« 
the  surrounding  peritonitis  takes  several  days  to  subside 

Where  a  dry  exudate  is  met  with  in  acute  appendicitis,  a  drain  could  not 
help  or  relieve  the  condition,  and  should  not  be  used. 

In  cases  where  the  bowel  and  mesentery  l,,«,k  -ray-green  aa  the  reault  «f 
swelling  and  the  presence  of  the  diphtheritic  like  membrane,  a  drain  should  he 
placed  down  to  the  gut  but  not  pressing  on  the  area  under  suspicion.  This 
drain  should  be  removed  at  the  end  of  L*  1  to  1^  hours  if  tin*  ireneral  and  local 
symptoms  have  abated.  By  early  removal  of  the  drain  one  avoids  the  forma 
tion  of  a  rigid  tube  of  granulating  tissue  which  would  form  a  sinus  of  long 
duration.  If  perforation  occurs,  the  discharges  will  tind  their  way  along  the 
line  of  least  resistance  and  reach  the  surface  of  the  hoily. 

In  dealing  with  cases  requiring  division  of  the  parietal  peritoneum,  ex- 
posing the  retroperitoneal  bed  of  some  organ  in  the  presence  of  infection,  a 
different  proposition  confronts  one.  One  is  here  dealing  with  cellular  tiaane, 
and  not  with  the  peritoneum,  possessed  of  its  wonderful  powers  of  resistance  and 
recuperation ;  such  an  area  must,  therefore,  be  drained. 

In  this  discussion  no  account  has  been  taken  of  tbo  nature  of  the  infecting 
agent,  and  properly  so;  one  must  be  guided  by  tbe  gross  appearance  of  things, 
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and  not  by  the  bacteriology,  as  this  can  seldom  be  known  at  the  time  of  opera- 
tion. 

The  general  subject  of  peritonitis  and  its  treatment  is  dealt  with  elsewhere 
in  this  work,  and  a  further  discussion  of  the  subject  of  drainage  in  this  connec- 
tion would  be  superfluous. 

The  types  and  forms  of  drains  will  not  be  discussed,  except  to  say  a  word  of 
warning  as  to  the  use  of  rigid  drains  in  the  neighborhood  of  a  diseased  bowel 
and  near  large  blood  vessels.  Such  drains  are  apt  to  cause  perforation  of  the 
bowel  and  necrosis  in  the  walls  of  those  vessels  already  damaged  by  the  presence 
of  infection  in  the  wound. 

Closure  of  the  Wound. — The  operation  finished,  a  review  of  the  field  should 
be  made.  Any  doubtful  suture  or  ligature  should  now  engage  the  operator's 
attention,  for  the  success  of  the  operation  depends  on  the  work  done  in  the 
operating  room,  and  not  on  what  one  might  wish  to  have  done  after  the  patient 
has  been  returned  to  bed.  The  lymphatic  area  draining  the  region,  in  opera- 
tions for  malignant  growths,  should  be  carefully  inspected  that  nothing  be  left 
which  could  with  safety  have  been  removed.  All  pads  and  instruments  having 
been  accounted  for,  the  surgeon  may  proceed  to  close  the  wound. 

The  layer-by-layer  closure  is  the  best,  suturing  the  peritoneum  with  a  run- 
ning catgut  stitch  that  brings  the  serous  surface  of  the  peritoneum  into  broad, 
even  apposition  and  soon  shuts  off  the  peritoneal  cavity  from  the  rest  of  the 
wound,  preventing  its  contamination  if  any  infection  develops  later  in  the 
muscle  layers. 

Aponeuroses  are  best  sutured  with  chromic  gut.  They  need  not  be  over- 
lapped, as  even  apposition  gives  as  strong  union  and  more  likelihood  of  sound 
healing.  Aponeuroses  stripped  of  their  blood  supply  have  enough  to  contend 
with  in  resisting  infection  without  being  strangulated  by  too  much  suturing. 
Muscles,  where  cut  across,  should  be  carefully  approximated  by  near  and  distant 
sutures,  the  first  to  obtain  even  union,  the  second  to  secure  relaxation.  Where 
separated  or  displaced,  1  or  2  interrupted  catgut  sutures  will  secure  them  in 
the  position  desired.  The  subcutaneous  fascia,  holding  in  its  mesh  the  fat  of  the 
abdominal  wall,  should  always  be  united  by  interrupted  catgut  sutures.  This 
will  obliterate  all  dead  spaces  and  prevent  subsequent  widening  of  the  skin 
incision.  Silk  is  the  best  suture  material  for  the  skin,  as  it  can  be  quickly  intro- 
duced, has  considerable  holding  power,  and  rarely  gives  rise  to  stitch  abscess 
unless  infected  from  beneath. 

The  subcuticular  suture  has  many  advocates,  but  if  the  scar  be  examined  6  months 
after  the  operation,  the  fine  silk  stitch  will  show  as  good  results  as  the  subcuticular 
one.  The  infection  of  the  stitch  hole  from  the  skin  has  been  greatly  exaggerated.  In 
this  only  has  the  subcuticular  stitch  any  advantage  over  the  silk  suture. 

Eelaxing  sutures  of  various  materials  are  sometimes  necessary,  but  if  the 
abdominal  wounds  are  closed  in  the  manner  above  described,  support  other  than 
that  given  by  a  well  applied  dressing  will  not  be  needed. 
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Hasty  closure  of  the  abdominal  wound  i*  M.-ld.u«  necaaMiy  or  juatifiable. 

The  surgeon  can  begin  the  poatoperutix. 

hurrying  him  from  the  operating  room  with  an  incomplete  future  of  hia  wound 

will  not  improve  his  chances  of  recov< 

JSTon-absorbablo  sutures  are  required  in  tbe  closure  of  wound*  of  Tery  old 
people;  of  those  suffering  from  malignant  di«*4ca  found  to  be  inoperable;  and 
those  whose  tissues  have  long  been  stained  with  •aiM-nu'wUh 

inoperable  conditions  can  thus  the  sooner  bo  gotten  01.  i.  and  <!,.,«-  with 

chronic  jaundice  have  the  tendency  of  their  M  ••>  open  dimintabed*    Silk 

or  linen  may  be  used  for  these  buried  suture*. 

Where  the  abdominal  wall  fails  t..  n-l.ix  owing  to  detention,  or  where  tbe 
anesthetic  fails  to  give  relaxation,  as  in  parapl.  iitiona,  the  through- 

and-through  suture  must  !„•  used.     Silkworm-pit  i,  the  |«nt  mat. 
method  of  suturing.     The  objectionable  of  tin-  method  1,,.  in  ju  not 

bringing  the  aponeurotic  layers  together,  and  its  speed  in  rutting  throng 
sues  under  tension,  thus  giving  rise  to  infection  along  iu  tract  to  tiatuea  alreadr 
undergoing  necrosis  from  pre.->mv. 

Clean,  dry  wounds  need  no  drainage.  Where  one  fears  that  the  wound  maj 
have  been  contaminated  from  work  within  the  abdomen,  a  folded  rubber  tiome 
drain  should  be  placed  in  either  end  of  the  wound,  ami  need  not  be  removed,  if 
no  infection  develops,  until  the  silk  sutures  uniting  the  skin  are  cut  on  the 
seventh  or  eighth  day. 

The  Dressing. — Dry,  clean  wounds  require  little  dressing.  Two  or  three 
layers  of  folded  gauze,  held  in  place  by  IMIII:  eneirelini:  hands  of  zinc-oxid  ad- 
hesive plaster  that  grip  the  skin  at  the  marirms  of  the  narrow,  folded  gauze  pad* 
so  placed  as  to  give  support  to  the  wound  and  relaxation  to  ita  edge*,  complete 
the  essential  dressing.  Over  this  may  be  placed  sufficient  cotton  to  allow  tbe 
binder  to  be  fitted  smoothly  and  snugly. 

Drained  wounds  can  be  so  arranged  so  as  to  allow  the  more  bulky  portion 
of  the  dressing  to  be  changed  from  time  to  time.  The  judi«'i«»u*  n*-  of  adbesire 
strapping  will  do  away  with  tension  sutures  and  aid  much  in  the  proper  healing 
of  the  wound.  A  well  strapped  wound  will  allow  freedom  <>f  movement  dr. 
convalescence.  All  exercises  that  do  not  entail  movement  in  the  wound  should 
be  encouraged,  as  they  aid  materially  in  bringing  about  a  speedy  recovery. 

POSTOPERATIVE   TREATMENT 

This  should  be  as  simple  and  as  little  meddlesome  as  possible, 
Pain. — pain  from  the  operative  procedure  is  rarely  severe  or  long-<x>ntin 
ued.    A  single  dose  of  morphin  will  tide  the  patient  over  the  period  of  its  con- 
tinuance.   After  this,  if  the  pain  or  discomfort  continue,  it  is  due  to  some  other 
cause  and  must  be  treated  by  measures  other  than  the  administration  of 
morphin. 

Thirst. — This  is  bound  to  be  present  in  operations  of  long  duration. 
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ministration  of  water  in  large  amounts  before  operation,  and  tap-water  by 
rectum  after  operation,  will  tend  to  diminish  its  intensity.  Water  by  mouth 
should  not  be  withheld  if  the  vomiting  produced  by  its  administration  is  not 
continued.  Ice  and  ice-cold  water  are  of  little  value,  either  for  thirst  or  nausea, 
and  should  not  be  given.  The  measures  instituted  for  the  relief  of  meteorism, 
to  be  detailed,  also  aid  in  diminishing  the  thirst. 

Nausea  and  Vomiting. — If  one  will  observe  the  nausea  and  vomiting  seen  in 
the  alcoholic  wards  of  any  big  metropolitan  hospital,  pause  a  moment  to  think 
of  its  cause,  and  then  compare  it  with  the  nausea  and  vomiting  seen  after  the 
administration  of  ether,  he  will  be  struck  by  the  great  similarity  of  the  picture. 
In  either  case  it  is  produced  by  an  overwhelming  dose  of  a  drug.  Its  treat- 
ment is  its  prevention. 

Any  procedure  that  diminishes  the  amount  of  the  anesthetic,  whether  it  be 
the  speed  of  the  operator  himself  in  shortening  the  time  of  the  operation,  the 
skill  of  the  anesthetizer  in  giving  the  minimum  quantity  of  ether,  or  the  use  of 
nitrous  oxid  or  of  nerve-blocking  solutions,  both  lessening  the  amount  of  the 
anesthetic  required,  makes  to  this  end.  The  shock  of  the  operation,  and  the 
train  of  symptoms  attendant  on  the  inhibition  of  normal  peristalsis  arising 
from  the  handling  of  the  intestines,  from  mild  traumatic  peritonitis,  or  from 
more  or  less  severe  septic  peritonitis,  are  added  to  the  effects  of  the  ether. 

The  use  of  large  drains,  the  ligation  of  omentum  and  operations  upon  the 
alimentary  tract  itself,  all  interfere  with  normal  function  by  a  reflex  inhibition. 
Until  the  peritoneum  has  sealed  the  operative  field,  or  until  the  septic  or  trau- 
matic peritonitis  has  limited  itself,  this  reflex  inhibition  of  normal  peristalsis 
will  persist.  During  this  time  the  patient  can  be  relieved  of  some  of  the  dis- 
comfort attendant  on  this  condition  by  gastric  lavage. 

In  acute  gastric  dilatations,  reversed  peristalsis,  and  the  persistent  vomit- 
ing of  septic  peritonitis  lavage  is  the  only  measure  that  gives  any  appreciable 
relief.  This  relief  is  so  great  that  the  patients  suffering  from  any  of  the  above- 
mentioned  conditions,  incredible  as  it  sounds,  welcome  each  washing  for  the 
freedom  from  conditions  well  nigh  intolerable. 

Meteorism. — Meteorism,  which  is  a  later  accompaniment  of  arrest  of  peri- 
stalsis, may  not  be  prominent  if  the  patient  has  had  his  bowels  thoroughly 
emptied  by  a  large  dose  of  castor  oil  before  operation.  The  preventive  meas- 
ures that  are  useful  in  lessening  the  nausea  and  vomiting  serve  the  same  end 
in  this  condition.  When  meteorism  is  present,  high  colonic  irrigations,  large 
soapsuds  enemata,  and  the  use  of  the  rectal  tube  will  give  the  greatest  relief. 

It  is  well  here  to  emphasize  the  importance  of  making  a  thorough  physical 
examination  of  all  patients  who  do  not  do  well  after  an  operation.  Thus  it 
will  be  easier  to  recognize  acute  gastric  dilatation  from  meteorism,  and  the 
appropriate  treatment  can  be  instituted  without  loss  of  time.  Kepeated  gastric 
lavage,  change  of  position,  turning  the  patient  on  his  right  side,  or  elevating 
to  a  sitting  posture,  will  bring  through  many  a  case  of  acute  gastric  dilatation. 

It  is  useless  to  try  to  cause  a  bowel  movement  by  means  of  cathartic  medica- 
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tion  during  this  period  of  intestinal  inhibition.    It  may  do  actual  harm  by  can* 
in-  activity  in  the  Miiall  intestine  when  nature  is  t  :  it  *ull  ai»d  thu* 

limit  the  spread  of  some  inflammatory  condition.    ]  f  f nnn  gaa  i«  all  that 

is  necessary  during  this  time,  and  thig  is  better  accomplished  by  rmrmnii 

enemata  and  the  use  of  the  nvtal  tuln». 

Mechanical  Ileus. —  Mechanical  Hen-.  when  tin-  <iiagno«is  can  be  made,  calls 
for  immediate  reopenin»-  of  the  abdomen.  Tin-  abaenee  of  the  signs  of  ; 
tonitis,  the  failure  ,,f  gastric  IftVSgG  and  co|.,ni«-  irricati..n  t,,  ^ive  relief,  the 
asymmetry  of  the  distnitii.n,  and  the  lack  of  abdominal  rigidity  in  the  |HnnnUI 
of  active  peristaltic  movements  are  some  of  the  iigns  that  (mint  to  thu  condi- 
tion. Often  there  will  be -nun-  ,t,.p  in  the  operation  ( the  placing  of  tome  drain, 
the  too  short  loop  used  in  hrin-in-  about  an  ana-t<niio0is,  the  h-mving  of  raw 
surfaces  unprotected  hy  onientunt  i  that  will  «:m-  the  operator  aome  clew  to  the 
causation  of  the  condition. 

Poreign  Bodies. — Aseptic  foreign  hodies  left  in  the  abdomen,  if  they  do  not 
give  rise  to  obstruction,  develop  the  symptoms  of  their  presence  after  10  or  IL' 
days.  These  are  pain  and  tenderness,  slight  rigidity  if  m-ur  the  parietal  wall, 
slight  rise  of  pulse  and  temperature,  in  fact,  the  evidence  of  a  local  protective 
peritonitis. 

I  recovered  a  small  square  of  gauze  that  my  assistant  had  cut  from  a  pad 
and  used  to  temporarily  pack  a  sinus  while  -cnihhini:  up  the  abdomen  for  a 
pelvic  operation.  It  had  been  thrust  well  down  the  sinus,  thinking  that  it 
would  be  recovered  when  the  scar  had  been  circumscriiH'd  and  the  iiinua  f«»l 
lowed  into  the  abdomen.  It  was  not  found  in  the  sinus,  having  betii  thrust 
through  into  the  free  peritoneal  cavity.  Though  viL'«»rous  search  was  made  be- 
fore proceeding  with  the  operation,  its  position  could  m»t  !«•  discovered.  The 
pelvic  work,  which  consisted  in  the  removal  of  a  suppurating  tuU»  and  ovar 
gonorrheal  origin,  having  been  completed,  my  assistant,  putting  on  clean  gbvea, 
asked  leave  to  make  a  further  search.  This,  too,  proved  fruitless,  and  the  ab- 
domen was  closed  with  drainage,  in  the  hope  that  the  l«»>t  pn-ce  would  somehow 
establish  a  communication  with  the  drain  in  the  wound.  It  did  not,  for  the 
wound  healed  without  suppuration  and  remained  permanently  closed. 

Ten  days  later  the  patient  complained  of  pain  on  the  ri-rht  -ide  beneath  the 
liver.  This  was  accompanied  by  a  rise  in  pulse  and  triujHTature  (which  had 
previously  touched  normal  several  days  before)  and  distinct  ri-idity  of  the  ab- 
dominal wall  in  the  region  of  the  liver. 

Through  a  high  intermuscular  incision  the  abdomen  was  opened,  and  lying 
in  front  of  the  hepatic  flexure  of  the  colon,  the  lost  piece  was  found  surround 
by  a  protective  peritonitis  in  the  shape  of  an  abscess  walling  in  the  game. 
patient's  recovery  was  uneventful. 

In  these  days  of  improved  technic  there  is  little  dan-^r  of  such  an  accident 
happening  with  pads  ajid  their  attached  tapes,  but  spomrw  may  easily  become 
lost  from  a  sponge-holder  unlocking,  and  thus  releasing  the  piece  of  gauze  i 
its  grip. 
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Diet  after  Operation. — The  less  one  attempts  to  feed  a  patient  after  an  oper- 
ation the  better.  Water,  for  the  first  24  hours,  is  all  they  desire  and  all  they 
require.  In  short,  uncomplicated  cases  patients  often  desire  food  on  the  second 
day,  and  there  is  no  reason  why  it  should  not  be  given  them.  Patients  who  have 
had  longer  and  more  serious  operations  and  suffer  from  the  various  disagreeable 
effects  of  the  ether  and  the  operation,  require  to  have  their  regular  diet  restored 
more  gradually.  These  can  be  given  albumen  water,  combined  with  either 
orange  or  lemon  juice,  clear  broths,  clam  juice,  and  the  various  "soft-solids" 
on  the  second  day.  As  a  rule,  solid  food  is  not  desired  until  the  patients  have 
had  their  first  complete  evacuation  of  the  bowels. 

Rectal  feeding  will  often  be  of  use  in  helping  out  the  very  debilitated  and 
those  having  had  operations  on  the  stomach.  In  stomach  cases  surgeons  are 
giving  water  and  albumen  water  by  mouth  as  early  as  the  second  day,  with  as 
good  results  as  obtained  when  feeding  by  mouth  was  delayed  till  the  tenth  day 
or  later. 

Excretion  of  Urine. — After  operation  the  excretion  of  urine  is  always 
scanty,  and  catheterization  for  retention  need  not  be  done,  unless  on  account  of 
pain,  inside  of  18  hours.  In  this  way  much  of  the  postoperative  catheterization 
can  be  avoided.  In  cases  where  the  peritoneum,  of  the  bladder  is  involved  in  a 
local  peritonitis,  retention  is  more  pronounced  and  the  catheter  will  have  to  be 
used  earlier  and  more  frequently. 

Suppression  or  scanty  excretion  is  best  treated  by  high  colonic  irrigation 
given  every  4  hours.  This  treatment  must  be  persisted  in  until  results  are 
obtained  or  the  patient  dies. 

Peritonitis. — Peritonitis  developing  after  operation,  or  the  further  exten- 
sion of  one  already  existing  at  the  time  of  operation,  must  be  treated  as  idio- 
pathic  except  where  one  is  sure  that  it  is  due  to  some  fault  in  technic,  as  the 
giving  way  of  the  line  of  suture  or  the  secondary  perforation  of  the  bowel,  as 
in  typhoid  ulceration.  Here  the  abdomen  must  be  opened  as  soon  as  possible 
and  the  fault  remedied. 

Bronchitis  and  Pneumonia. — Bronchitis  and  pneumonia  must  be  treated  as 
these  conditions  demand  when  not  the  result  of  operative  procedure.  Much 
can  be  done  in  the  line  of  prevention,  both  by  the  operator  and  by  the  anes- 
thetist ;  by  the  operator,  in  not  undertaking  an  operation  upon  a  patient  suffer- 
ing from  some  respiratory  condition,  unless  driven  by  necessity;  by  the  anes- 
thetist, by  care  in  the  administration  of  the  anesthetic,  especially  as  regards  the 
inhalation  of  secretions  and  vomitus. 

Hemorrhage,  following  operation,  as  evidenced  by  restlessness,  weak  and 
ever-increasing  pulse,  pallor,  and  air-hunger,  demands  the  opening  of  the  abdo- 
men at  once,  securing  the  bleeding  point,  and  then  infusion  of  salt  solution,  or, 
better  still,  transfusion,  if  a  suitable  donor  is  at  hand. 

Extreme  restlessness  alone  indicates  the  beginning  of  a  peritonitis  or  the 
onset  of  delirium  tremens. 

Pulmonary   embolism   and   mesenteric   thrombosis   are   happily   among  the 
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rarer  postoperative  complications,  and  as  their  prevention  and  treatment  are 

beyond  our  control,  it  is  fortunate  that  it  ia  so. 

Acute  mania  in  apt  to  be  transitory,  unless  it  is  the  exacerbation  of  an  under- 
lying condition  not  previously  recognized. 

Phlebitis. — The  surgeon  should  be  on  the  watch  for  this  condition,  as  bis 
failure  to  recognize  it  as  the  cause  of  an  increase  in  pain,  pulse,  temperature, 
and  restlessness  may  result  in  meddlesome  exploration  <>f  the  wound.  It  i» 
usually  left  sided,  occurring  in  the  saphcnous  or  femoral  v« 

Restlessness  and  sleeplessness  are  inevitable  after  most  us.  Tbe 

backache,  pains  in  the  legs,  and  the  annoying  ga*-paitiM,  which  are  accountable 
for  most  of  the  discomfort  and  >lr«-p!«---nr^  following  operation*,  ean  be  re- 
lieved in  part  by  change  of  position,  by  pillows  phni-d  under  the  knees  SIM! 
back,  and  by  frequent  massage  with  alcohol.  Small  doses  of  pbenaeHiti  will 
often  quiet  the  restlessness  better  than  morphin,  which  nhoiild  be  given  only  for 
severe  pain. 
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Abbe   string   method   of   internal 

omy,  440 

Abdominal  wall,  actinomycosis  of,  763 
affections  in  umbilical  region  of,  765 
diseases  of  umbilicus  occurring  at  birth. 

765 

persistence  of  vitello  intestinal  duct,  765 
tumors,  765 

urachal  malformations,  765 
contusions  of,  759 
echinococcus  cysts  of,  764 
changes  in,  764 
treatment  of,  764 
foreign  bodies  in,  760 
gastric  and  intestinal  fistula-  in,  763 
hernia  and  congenital  defects  of,  763 
incisions  in,  766 

for  appendicitis,  766 

horizontal  or  Davis  incision  in,  769 
McBurney  's  method  in,  766 
contra-indications  to,  767 
extension  of  incision  in,  768 
indications  for,  766 
technic  of,  767 
other  incisions  in,  769 
right  rectus  incision  in,  768 

technic  of,  768 
for  exposure  of  gall-bladder  and  ducta, 

769 

Bevan's  incision  in,  771 
Kocher's  oblique  incision  in,  770 
A.  W.  Mayo  Kobson's  incision  in,  770 
vertical  incision  in,  769 
Pfannenstiel's,  771 
inflammation  of,  760 

deep-seated  inflammation  or  abscess,  761 
abscess  in    lateral  abdominal   muscles, 

762 
inflammation   due   to  extravasation  of 

urine,  762 
inflammation   and   abscess   in   properi- 

toneal  layer,  762 
in  sheath  of  rectus,  761 
mild  cellulitis  or  lymphangitis,  760 
rupture  of  muscles  of,  759 
section  of,  772 

general  considerations  of,  772 
general  technic  of,  773 
adhesions  in,  780 

peritoneal,  protective  power  of,  780 
postoperative,  781 

prevention  of,  781 
assistants  in,  775 
closure  of  wound  in,  784 


Abdominal 


«f,  gra*raJ  tad»»  •!. 
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ln|tl>  of.  779 
operating  room  in,  775 
position  of  operator  ia.  775 
position  of  patient  in.  7  7*1 
preparation  of  Arid  of  ofmtio*  ia.  ::« 

.ration  of  patent  in 
treatment  of  open  wooa4  fa,  77f 
postoperative  treatment  of,  785 
bronchitis  and  piwamii  fa,  788 

.i,,-t  ,n.  m 

excretion  of  urine  la.  788 

foreign  bodies  in,  787 

I*  A  *M  **.  .  •  i.  A 

!'•'"*'•  .1^.      ,:..     .  *  * 

mania  in,  acute,  7W 
meehaniem]  ileua  ia,  787 
metoorirai  in,  786 
nausea  and  vomiting  ia,  788 
pain  in,  785 
peritonitis  in,  788 
phlebitis  in,  789 

in,  extreme,  788 

thirst  in,  785 
surgical  conditions  of.  758 
tiilHTnilous  and  syphilitic  njoattia  of,  Ttt 
tumors  of,  764 
carcinoma,  765 
fibroma. 

melanosarcoma,  765 
sarcoma,  765 
wounds  of,  460 

non  penetrating,  760 
penetrating,  760 
Abscess,    brain,    of    otttfe    origia,    opera  t  it  <. 

treatmrnt  of.  158 

cerebellar.  of  otitk  origin,  operative  treat 
ment  of.  164.  8<f  «lso  mmirr 
Cerebellar  abscess. 

cerebral,  of  otitae  origia,  oy«fatl»s  trait 
ment  of,  158.  &•  also  waVr 

mediastinal,    following    BI  ••!•••    hi/nil 

IMK  m 

of  abdominal  wall,  761 
in  lateral  muscles,  763 
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Abscess  of  abdominal  wall,   in  properitoneal 

layer,  762 

in  sheath  of  rectus  muscle,  761 
of  breast,  operations  for,  631 
complications  of,  635 
inframammary,  632 
non-tuberculous  chronic,  635 
retromammary,  632 

operative  treatment  of,  633 
areolar  skin  incision  in,  635 
large   anterior   radiating   incisions 

in,  635 

multiple  small  radiating  incisions 
plus  Bier's  hyperemic  treatment 
in,  634 

small    anterior    radiating    incision 
with    drainage    in    thoracomam- 
mary  furrow  in,  633 
supramammary,  631 
of  lungs,  operations  for,  539 
acute,  540 

one-stage  operation  for,  540 
chronic,  539 

two-stage  operation  for,  539 
healing  of,  following  operation,  540 
old  abscesses,  540 
of  orbit,  incision  for,  86 
peritonsillar,  operative  treatment  of,  267 
retropharyngeal,  operation  for,  252 
Accessory  thyroids,  273,  313 
operations  on,  313 
intrathoracic,  314 

treatment  of,  314,  315 
lateral,  315 
lingual,  313 

operation  for,  314 
external,  314 
internal,  314 

Acetone  applications  in  treatment  of  inop- 
erable cancer  of  breast,  673 
Ach  's  operation  for  carcinomata  of  cardia  by 
resection  of  esophagus  through 
neck  and  abdomen  without  open- 
ing thorax,  521 

Actinomycosis  of  abdominal  wall,  763 
of  breast,  operative  treatment  of,  637 
of  lungs,  operative  treatment  of,  542 
Adenitis,  tuberculous  cervical.     See  Tubercu- 
lous cervical  adenitis. 

Adenoids,  operations  for  removal  of,  264 
after-treatment  in,  266 
anatomical  considerations  in,  264 
complications  of,  266 
dangers  of,  265 
indications  for,  264 
instruments  in,  264 
results  of,  266 
technic  of,  265 

Adherent  pericardium,  operations  for,  587 
Brauer's  cardiolysis  in,  587 
results  of,  588 
technic  of,  588 
Delageniere  's  operation  in,  589 

technic  of,  589 
indications  for,  587 
prophylaxis  in,  587 

Adhesions,  peritoneal,  protective  value  of,  780 
postoperative,  in  celiotomy,  781 


Adhesions,  postoperative,  prevention  of,  781 

Agalactia,  treatment  of,  622 

Ala  of  nose,  plastic  operations  for  repair  of, 

183 
Alveolar  method  of  extranasal   operation  on 

antrum  of  Highmore,  195 
Amniotic  adhesions  a  cause  of  spina  bifida, 

725 
Angioma   of   breast,   operative   treatment  of. 

646 

Antrum  of  Highmore,  operations  on,  194 
extranasal,   195 

by  alveolar  route,  195 
Canfield-Ballinger    radical    operation    in, 

195,  196 

Cauldwell-Luc  radical  operation  in,  197 
nasal,  194 

Vail's  method  in,  194,  195 
Appendicitis,    exposure   of    appendix   in,    for 

operation,  766 

horizontal  or  Davis  incision  in,  769 
McBurney's  method  of,  766 
centra-indications  to,  767 
extension  of  incision  in,  768 
indications  for,  766 
technic  of,  767 
other  incisions  in,  769 
right  rectus  incision  in,  768 

technic  of,  768 

Aqueous  chamber  of  eye,  anatomy  of,  22 
Artificial  eyes,  52 

Aspiration  in  treatment  of  spina  bifida,  745 
of  inflammatory   exudates   in   pericardium, 
578.      See    also    under    Pericar- 
dium, operations  on. 
Atrophy  of  breast,  treatment  of,  625 
Auditory  canal,  evidences  of  chronic  middle 

ear  suppuration  in,  95 
exostoses  of  wall  of,  95 
furuncle  of,  95 

operative  treatment  of,  101 
indications  for,  101 
instruments  for,  101 
preparation  in,  102 
recurrence  in,  102 
technic  of,  102 
sagging  of  wall  of,  95 

Aural  inflammation.  See  Ear,  inflammation  of. 
Autogenous  vaccines  for  treatment  of  boils, 

381 
Axillary  fascia,  anatomy  of,  621 

Baldwin's  method  of  total  rhinoplasty,  179 
Basedow  's  disease.     See  Exophthalmic  goiter. 
Beck's  method  for  repair  of  ala  of  nose,  184 
of    extranasal   operation   on   frontal   sinus, 

203 
Beebe's  nucleoproteid  in  tetania  parathyreo- 

priva,  322,  326 
Bevan,  construction  of  first  esophagoscope  by, 

427 
incision    of,    for    exposure    of    gall-bladder 

and  ducts,  771 

Bier's  mammary  suction  cup,  634 
Billroth's   operation    for    removal   of    tongue 

through   incision   under   chin   in 

treatment  of  malignant  disease, 

249 
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Bismuth    paste    injections    in    treatment    of 
empyema  of  pleural  cavity,  532 
Blind  spots,  8 

Bjerrum  test  for,  8 
Bougies,  for  dilatation  of  stricture  of  esopha- 

gus,  493 
filiform,  493 
threaded,  494 

types  of,  for  sounding  of  esophagus,  492 
I  ;n \me    tuberculosis   a    cause   of    tuberculous 

cervical  adenitis,  385 
Bozzini,  Phillip,   discovery  of  endoscopy   by, 

Brain  abscess  of  otitic  origin,  operative  treat- 
ment of,  159.  See  alto  Cerebral 
abscess  and  Cerebellar  abscess. 
Brain  lesions,  expanding,  intracranial  pres- 
sure in  lumbar  puncture  for, 
678 

Brain  tumors,  choked  disc  and,  1 ."» 
Branchial  cysts  and   fistula-,  operative  treat- 
ment of,  404 

Brauer's  apparatus  for  production  of   arti- 
ficial pneumothorax,  546 
met ho« I    of    cardiolysis    for    adherent    j-  ri 

cardium,  587,  588 
method  of  differential  pressure  to  overcome 

dangers  of  pneumothorax,  506 
Breast,  abscess  of.    See  under  Breast,  opera- 
tions on. 

anatomical  considerations  of,  615 
axillary  fascia  in,  621 
blood  supply  in,  616 
arteries  in,  616 
veins  in,  617 
fat  in,  616 
lymphatics  of  breast,   axilla,  underlying 

muscles  and  parietes  in,  617 
axillary  lymphatic  glands  in,  620 
extra-axillary  lymphatic  glands  in,  621 
lymphatics  of  breast  in,  618 
cutaneous,  618 
glandular,  618 

other  lymph  channels  in,  619 
lymphatics  of  parietes  and   structures 

over  which  breast  lies  in,  619 
fascial  lymphatic  plexus,  619 
lymphatics    of    intercostal    muscles, 

620 

of  external  oblique  and  rectus  mus- 
cles, 620 

of  internal  intercostal  muscles,  620 
of  pectoral  muscles,  620 
of  serratus  magnus,  620 
nerves  in,  617 
nipple  in,  616 
parenchyma  in,  615 
position  of  breast  in,  617 
stroma  or  connective-tissue  framework  in, 

616 

benign  tumors  of.     See  under  Breast,  op- 
erations on. 

carcinoma   of.     See   under   Breast,   opera- 
tions on. 

inoperable,  treatment  of,  672 
general,  672 
local,  672 

figuration  in,  673 
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tnalin.  673 
palli* 


in.  673 


diffu.* 
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frarturoo   of 
«74 

traataM**  of.  636 
of.    Aw 


keloid  of,  operative 
sarcoma  of.    AW 

inoperable,   Coley's 

of,  «74 

radium  and  X  ray  Uwrapy  of,  674 
supernumerary,  622 
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for  acquired  deformities.  624 
atrophy  of  breast,  625 
diffua-  hypertrophy  of 
associated  with  pr 

|,rok>no»,*    in, 
not  aasoriatrd  «.th 
virginal,  626 
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of, 


amputation  in,  fi: 
resection  in,  626 

palliative 
gyneeomaxia,  627 
pendulous  breast,  624 


lateral  mastopm  in,  W 
mastopexy  in  (Uir;. 
resection  of  breast  in,  625 
for  actinomycosis  of  breast,  637 
for  affections  of  nipples,  628 
deformities,  628 
imagination  of 
small  or  atroph 
umbilieation  of  nipples,  61 
mammilliplasty  for,  628 
inflammatioBS  of  nipples,  619 
common,  629 
eczema  of  nipple  in,  629 
syphilis  of  nipple  in,  629 
tumors  of  nipple  and  areola,  630 

Paget 'a  disease  in,  630 
for  anomalies  of 

].,.|\  !!i:i.-i. i.    HI 

polythelia,  622 
for  anomalies  of 
agalactia,  622 
galactorrbea,  622 

|,,>t.-ro,  I, r. .!.•••   lactation, 
for  benign  tumors  of 

angioma,  646 

enehondroma.  646 

endothelioma,  646 

fibro  epithelial  tumor*.  646 

lipoma.  646 

periducUl  fibroma  and  myxoma, 
for  carcinoma  of  breast,  647 
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Breast,  operations  on,  for  carcinoma  of  breast, 

after-treatment  in,  668 
prophylactic,  of  operated  area  by  X-ray 
exposure  combined  with  admin- 
istration of  thyroid  extract,  669 
comments  on,  648 

removal  of  muscles,  650 

of   permeated   area   of   deep   fascia, 

649 

of  skin,  649 
complications  in,  670 
contra-indications  to,  648 
dangers  in,  669 
history  of,  647 
indications  for,  648 
mortality  in.  669 
operation  in,  650 
anesthesia  in,  650 
cautery  in  treatment  of  doubtful  areas 

following,  668 
comment  on,  667 
general  description  of,  651 
Keating-Hart    fuiguration    method    of 
treating  raw  operative  area  fol- 
lowing, 668 
plastic  operations  for  covering  wound 

following,  667 
position  of  patient  in,  651 
preparation  of  patient  in,  650 
technic  of,  653 

(1)  incision  in,  653 

(2)  fascial   dissection   of   axilla  in, 
656 

(3)  removal  of  deep  fascia,  muscles, 
fat  and  breast  in,  664 

(4)  the  review  in,  665 

(5)  closure  in,  665 

restrictions  in  arm  movements  following, 

670 

results  of  radical  operations  in,  671 
treatment  of  local  recurrences  in,  671 
for  congestions  and  engorgements  of  breast, 

623 

lactation  mastitis,  624 
mastitis  adolescentium,  624 
mastitis  neonatorum,  623 
for  cystic  diseases  of  breast,  638 
classification  of  cysts  in,  645 
dermoid,  646 
simple,  645 
with  intracystic  papillomatous  growths, 

646 

conservative  amputation  of  breast  in, 
with  axillary  gland  and  fascia, 
638 

technic  of,  639 

plastic  incision  of  one  or  both  breasts 
in,  by  means  of  Thomas  semi- 
lunar  thoracomammary  incision, 
639 

comment  on,  643 
plastic  resection  of  breast  in   (Warren), 

643 

simple  amputation  of  breast  in,  by  an- 
terior elliptical  incision,  639 
for  galactocele,  637 
for  hydatid  disease  of  breast,  637 
for  inflammation  of  breast,  acute,  630 


Breast,    operations   on,    for    inflammation    of 
breast,  abscess  of  breast  in,  631 
complications  of  operations  in,  635 
inframammary,  632 
non-tuberculous  chronic,   635 
retromammary,  632 
supramammary,  631 

operative  treatment  of,  633 

areolar   skin  incision  in    (More- 

stin),  635 
large  anterior  radiating  incisions 

in,  635 

multiple  small  radiating  in- 
cisions in,  plus  Bier's  hyper- 
emic  treatment,  634 
small  anterior  radiating  incision 
in,  with  drainage  in  thoraco- 
mammary furrow  (Shield), 
633 

galactophoritis  in,  631 
gangrenous  cellulitis  of  breast  in,  636 
ligneous  phlegmon  of  breast  in,  636 
lymphangitis  in,  631 
of  general  infection,  630 
of   local  infection,   630 
abortive  treatment  in,  630 
prophylactic  treatment  in,  630 
chronic,  636 

for  keloid  of  breast,  638 
for  sarcoma  of  breast,  646 

exploratory  operations  in,  647 
two-stage  operation  in,  647 
for  trauniatic  affections  of  breast,  623 
burns,   623 
contusions,  623 
wounds,  623 

for  tuberculosis  of  breast,  636 
palliative  treatment  in,  636 
prognosis  of,  637 
radical  treatment  in,  637 
for  syphilis  of  breast,  637 
for    vascular    and    nervous    affections    of 

breast,  627 

bloody  discharge  from  nipples,  627 
mastodynia,  628 
spontaneous  ecchymosis,  627 
Brewers'  yeast  for  treatment  of  boils,  381 
Bronchi,  foreign  bodies  in,  removal  of,  371, 

554 

by  bronchotomy  through  chest  walls,  363 
method  of  procedure  in,  363 
site  of  thoracic  incision  in,  364 
complications  in,  372 
procedures  in,  371 
Bronchi,  operations  on,  553 
broncholysis,  554 

for  foreign  bodies  in  bronchi,  554 
for  suture  of  bronchus,  553 
posterior    bronchotomy    in,    for    retrograde 

respiration,  554 

Bronchiectasis,  operative  treatment  of,  541 
bronchotomy  through  chest  walls  in,  364 
indications  for,  541 
methods  of  operation  in,  541 

by  combination  of  ligation  of  pulmonary 

artery  and  thoracoplasty,  541 
by  interpleural  pneumolysia,  541 
by  ligation  of  pulmonary  artery,  541 
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Bronchiectasis,  methods  of  operation  in,  by 
production  of  artificial  pneuroo 
thorax,  541 

by  nimple  drainage,  541 
by  thoracoplasty,  541 
Bronchitis  following  celiotomy,  788 
Broncholysis,  554 
Bronchoscopes,  366 
.Bronchoscopy,  366 
general  rules  of,  370 
instruments  used  in,  366 
teohnic  of,  367 

in  lower  bronchoscopy,  367,  368 
in  upper  tracheobronchoscopy,  369 
anesthesia  in,  369 
passing  of  instrument  in,  369 
removal  of  foreign  body  in,  370 
through  tracheotomy  wound,  367,  368 
Bronchotomy,  for  lung  abscess  or  bronchiec- 

tasis,  364 

posterior,  for  retrograde  respiration,  554 
through  chest  wall,  362 

differential  pressure  in,  363 
for  removal  of  foreign  body,  363 
method  of  procedure  in,  363 
site  of  thoracic  incision  in,  364 
indications  for,  362 
through  posterior  mediastinum,  359 
indications  for,  359 
technic  of,  360 

in  left  posterior  bronchotomy,  362 
in  right  posterior  bronchotomy,  360 
Briining  's  bronchoscope,  366,  367 
Bryant 's  operation  for  repair  of  ala  of  nose, 

185 
Burns  of  breast,  treatment  of,  623 

Cachexia  strumipriva,  319 
etiology  of,  320 
general  considerations  of,  319 
transplantation  of  thyroid  for,  329 
Calculus   of    the    salivary   glands   and   ducts. 

See  under  Salivary  glands. 
Canaliculi  of  lacrimal  apparatus,  75 
Cancer.     See  Carcinoma. 

Canfield-Ballenger    radical    extranasal    opera- 
tion   on    antrum    of    Highmore, 
195,  196 
Canthoplasty  in   treatment   of  cicatricial  en- 

tropion,  66 
Canthus,  external,  53 

internal,  53 
Carcinoma,   and  ulcer  of   stomach,  diagnosis 

of,  by  gastroscopy,  473 
appearances  in,  473 
microscopic  examination   of  portions  in, 

474 

laryngeal,  complete  laryngectomy  in,  347. 
See  also  Laryngectomy,  com- 
plete. 

diagnosis  of,  348 
of  abdominal  wall,  765 
of  breast,  inoperable,  treatment  of,  672 
general,  672 
local,  672 

fulguration  in,  673 
local  applications  in,  673 
acetone,  673 
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of  skin.  640 


•flow  to,  644 
danger.  i.f  660 
history  of,  647 
in.licationn  for.  648 
mortality  in.  660 
the  operation  in.  690 

in     treatment    ol 

followiac.  668 
oa.  667 
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Keating  Hart  fulguratioa  sjrtbad  of 
treating  raw  operator  arm  fat 
towing.  668 

plastic  opera tioas  far  niMfiaf  wovad 

following.  667 
position  of  patient  in,  691 
preparation  of  patieat  ia,  696 
t.-.-l.n,.-  ..f.  698 

.ncisiun  ia.  658 
(2)  fascial  diasrrUoa  of  axilla  ia. 


(3)  removal  of 
cles,  fat  and 

(4)  the  review  m.  • 

(5)  closure  ia.  665 
restrictions  in  ana  nw 

670 

results  of  radical  operattoaa  ia.  671 
treatment  of  tocal  leturreaces  ta.  671 
spontaneous  fractures  aeeosapaajrtag.  674 
of    cardia,    operative    trsataM«t    of.      *** 
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neck.  operatioM  oa, 
nant  tumors, 
of  thyroid  gland. 

rlinical  characteristics  of.  .117 
operative  treatment  of.  318 
palliative  treatment  of.  318 
prognosis  of,  318 
symptoms  ami  diagnosis  of .  318 
Cardia,  carcinoma  of, 
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Cardiac  massage  in  cases  of  arrest  of  heart 

action,  607 
indications  for,  607 

methods  of  approach  to  heart  in,  607,  608 
Carotid  body,  tumor  of,  405 
Carrel  on  experimental  surgery  of  heart,  609 
Carter's  method  of  rhinometathesis,  193 
Caruncle  of  eye,  53 
Cataract,  definition  of,  22 
extraction  of,  30 
hard,  31 

in  capsule,  35 
simple,  31,  32 
with  iridectomy,  32-35 
secondary,  35 

DeWecker  operation  in,  36 
discission  in,  35 
needling  in,  35 
soft,  30 

linear  extraction  in,  31 
needling  of  anterior  capsule  in,  30 
traumatic,  with  swelling  of  lens,  paracen- 

tesis  of  cornea  in,  24 
Cataract  mask,  34 
Cauldwell-Luc    radical    extranasal    operations 

on  antrum  of  Highmore,  197 
Cautery  in  corneal  ulcer,  23 

in  treatment  of    doubtful   areas  following 
operations      on      carcinoma      of 
breast,  668 
Cautery  puncture  for  senile  ectropion,  50 

for  spastic  entropion,  65 
Celiotomy,  772 

general  considerations  of,  772 
general  technic  of,  773 
adhesions  in,  780 

peritoneal,  protective  value  of,  780 
postoperative,  781 

prevention  of,  781 
assistants  in,  775 
closure  of  wound  in,  784 
clothing  of  patient  for  operation  in,  774 
drainage  in,  782 
dressing  in,  785 
hemorrhage  in,  781 
incision  in,  777 

length  of,  779 
operating  room  in,  775 
position  of  operator  in,  775 
position  of  patient  in,  776 
preparation  of  field  of  operation  in,  774 
preparation  of  patient  in,  773 
treatment  of  open  wounds  in,  779 
postoperative  treatment  of,  785 
bronchitis  and  pneumonia  in,  788 
diet  in,  788 

excretion  of  urine  in,  788 
foreign  bodies  in,  787 
hemorrhage  in,  788 
mania  in,  acute,  789 
mechanical  ileus  in,  787 
meteorism  in,  787 
nausea  and  vomiting  in,  786 
pain  in,  785 
peritonitis  in,  788 
phlebitis  in,  789 

pulmonary     embolism     and     mesenteric 
thrombosis  in,  788 


Celiotomy,   postoperative    treatment   of,   rest- 
lessness and  sleeplessness  in,  789 
restlessness  in,  extreme,  788 
thirst  in,  785 
Cellulitis,    gangrenous,    of    breast,    operative 

treatment  of,  636 
mild,  of  abdominal  wall1,  760 
of  orbit,  incision  for,  86 
Cerebellar  abscess  of  otitic  origin,  operative 

treatment  of,  164 
surgical  anatomy  in,  164 
technic  of,  164 

(1)  incision  in,  164 

(2)  removal  of  bone  in,  165 

(3)  exploration  of  cerebellum  in,  165 

(4)  drainage  of  abscess  in,  166 
Cerebral    abscess   of    otitic    origin,    operative 

treatment  of,  159 
after-treatment  in,  163 
digital  exploration  in,  164 
hernia  cerebri  in,  164 
indications  for,  160 
preparation  of  patient  for,  160 
prognosis  in,  163 
surgical  anatomy  in,  159 
technic  of,  160 

(1)  incision  in,  160 

(2)  removal  of  bone  in,  161 

(3)  examination  of  dura  in,  161 

(4)  exploration      of      temporosphenoidal 

lobe  in,  162 
Whiting  encephaloscope  in,  163 

(5)  drainage  of  abscess  in,  163 

(6)  dressing  in,  163 

Cervical  adenitis,  tuberculous.     See  Tubercu- 
lous cervical  adenitis. 
Cervical  auricles,  404,  405 
Cervical  ribs,  operations  for,  410 
dangers  of,  411 
technic  of,  411 

Chalazion,  operative  treatment  of,  56 
Chisels  and  gouges  for  ear  operations,  109 
Choked  disk,   11 

brain  tumors  and,  15 
changes  of  visual  field  in,  14 
course  of,  12 
diagnosis  of,  12 
etiology  of,  11,  12 
summary  of,  10 
treatment  of,  15 

Chondrotomy  of  first  rib,  in  operative  treat- 
ment for  tuberculosis  of  lungs, 
542 

Choroid  coat  of  eye,  anatomy  of,  21 
Chvostek  's  test  in  tetania  parathyreopriva,  326 
Cicatricial    ectropion,    58.      See    also    under 

Ectropion. 

Cicatricial  entropion,  65.     See  also  under  En- 
tropion. 
Ciliary  body  of  eye,  anatomy  of,  21 

injuries  to,  treatment  of,  45 
Cochlea,  anatomy  of,  146 
Coley's    toxins    for    inoperable    sarcoma    of 

breast,  674 
Columna  of  nose,   operations  for  restoration 

of,  186 

Conjunctiva,  54 
anatomy  of,  22 
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Conjunctiva,  foreign  bodies  in,  extraction  of, 

45 

injections  in,  25 

l>t.  iv^iiini  in,  operation  for,  25  27 
sii|MThVial  wounds  of,  44 
Contusions  of  abdominal  wall,  759 

of  breast,  treatment  of,  623 
Cornea,  anatomy  of,  20 

foreign  bodies  in,  extraction  of,  46 
paracentesis  of,  24 
ulcer  of,  22 

cauterization  for,  23 
Saemisch  incision  of  cornea  for,  23 
tattooing  of  cornea  for. 
instruments  in,  24 
operation  in,  24 
paracentesis  of  cornea  in,  24 
wounds  of,  deep,  44 

superficial,  44 

Cretinism,  transplantation  of  thyroid  for,  329 
Crile,   "block    dissection"    of.  'in    .  .m, 

upper  part  of  neck  secondary  to 
cancer  in  mouth,  409 
clamps  of,  378,  379 

method  of,  for  administration  of  anesthesia 
in    operations   for   exophthalmic 
goiter,  284 
on   two-stage   operation  in  complete  laryn- 

gectomy,  352 
retractors  of,  378 

Crump's  use  of  sausage  skin  in  X-ray  diag- 
nosis and  treatment  of  esopha 
geal  stricture,  424 
Culdesac  of  eyelid,  operation  for  restoration 

of,  71-74 

Curet,  mastoid,  use  of,  106 
as  a  planing  instrument,  106 
as  a  rotary  cutting  instrument,  107 
for  removing  particles  of  bone,  108 
of  various  types,  108 
'Cushing,  on  changes  in  visual  field  and  choked 

disk,  14 

on  course  of  choked  disk,  13 
on     relation     of     visual     disturbances     to 

pituitary  disease,  9,  10 
Cystic  diseases  of  breast,  638 
classification  of  cysts  in,  645 
dermoid,  646 
simple,  645 
with    intracystic   papillomatous    growths, 

646 

conservative  amputation  of  breast  in,  with 
axillary  glands  and  fascia,  638 
technic  of,  639 

plastic  incision  ot  one   or  both  breasts 
in,   by   means  of   Thomas  semi 
lunar  thoracomammarv   incision, 
639 

comment  on,  643 
plastic    resection   of    breast    in    (Warren), 

643 
simple  amputation  of  breast  in,  by  anterior 

elliptical  incision,  639 

Cysts  and  tumors  of  neck,  operations  for,  402 
for  benign  tumors,  402 

branchial  cysts  and  fistulae,  404 
cervical  auricles,  405 
hygroma  colli,  402 


Cysts  »*.i  tumor,  of 


for.  for 


teelwir  of  operatioa  ta.  40i 
••M.. 

in  upper  part  of  aecft 
to  raarer  ,a 
for   rarriaoma    bel 

lover  border  of 
for   rarriaoma    ta 

•    • 
for  tumor  of  Mb 

yoevstitts,  raronie. 

mal  MT  for.  79 

Davis  incision  for  exposure  of  ••••alii,  ?•* 
Delagentere's   operaUoT  for    •  A»ist    part 

Delonne's 


Dennett,  iiu.-ntiun  of  efertr* 
11 

I  .[•...;•     t-  H  H  •  ; 

of  pleur 
Devonvillier's  method  of 

rrpair  of  aia  of 
Dieffenbach's   metbo,|    of 

lumna  of  BOM,  186 
Differentia]   prvMurv   ta   oprratnr 

of  woun.U  of  atwrt. 
to  oTereome  OUUMBTS  of 
Bauer's  metbo 
Sauerbrurh '«  mrthod  of,  806 
DiffuiH-  li\  i-Ttrnphr  of  timwt,  O 
Dilatation    for    Unign   rir 


• 


in  treatment  of 

of  MOplttfM,      I 

of    stricture*    of    < 


of 

of 


Diphth.-ria,  t 
I  >:\.-rti<-ula  of 

meat  of,  440 
pulsation.  449 
tra«  •• 
operation  for,  501 

..!t,-r  treatment  in.  502 
anatomical  ronnidrration*  in.  501 
twhnii-  »>r 
threads!  Iwug. 

Dowd's  operation  through  t 

in  tuberculous 

393 
Drainage,  simple,  for  treatment  of 

Dressing,  mastoid.  onlinarj.  103 

sinus  thrombosis  (net*) 
Drum  for  testing  points  of  iastrmMJSjta,  SS 
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Dunham's  method   of  internal  esophagotomy 
combined  with  gastrostomy,  497 
wire-and-spindle    bougie    for    strictures    of 
esophagus,  498 

Ear,  anatomy  of.     See  under  Ear,  operations 

on. 
foreign  bodies  in,  110 

operations  for  removal  of,  110 
inflammation  of,  91 
diagnosis  of,  91 

functional  examination  of  ear  in,  96 
general  aids  to,  96 
blood  counts  in,  97 
blood  cultures  in,  97 
smears  of  aural  discharge  in,  96 
X-ray  examination  in,  97 
history  in,  91 

physical  examination  of  ear  in,  92 
instruments  for,  93 
of  mastoid  process,  96 

tenderness  in,  96 
of  tympanic  membrane  and  auditory 

canal,  94 

acutely    inflamed    tympanic    mem- 
brane in,  95 
evidences    of    chronic    middle    ear 

suppuration  in,  95 
exostoses  on  canal  wall  in,  95 
furuncle  of  auditory  canal  in,  95 
normal     tympanic     membrane     in, 

94 

sagging  of  auditory  canal  in,  95 
speculum  in,  introduction  of,  94 
syringing  in,  93 
symptoms  in,  92 
chills,  92 
nausea,  92 
pain,  92 
middle,  chronic   suppuration  of,   symptoms 

of,  in  auditory  canal,  95 
wounds  of,  operations  for,  110 
Ear,  operations  on,  97 

for  brain  abscess  of  otitic  origin,  159 
for  cerebellar  abscess  of  otitic  origin,  164 
surgical  anatomy  in,  164 
technic  of  operation  in,  164 

(1)  incision  in,  164 

(2)  removal  of  bone  in,  165 

(3)  exploration  of  cerebellum  in,  165 

(4)  drainage   of  abscess  in,   166 

for  cerebral  abscess  of  otitic  origin,  159 
after-treatment  in,  163 
digital  exploration  in,  164 
hernia  cerebri  in,  164 
indications  for,  160 
preparation  of  patient  for,  160 
prognosis  of,  163 
surgical  anatomy  in,  159 
technic  of  operation  in,  160 

(1)  incision  in,  160 

(2)  removal  of  bone  in,  161 

(3)  examination  of  dura  in,  161 

(4)  exploration    of    temporosphenoidal 

lobe  in,  162 
Whiting  encephaloscope  in,  163 

(5)  drainage  of  abscess  in,  163 

(6)  dressing  in,  163 


Ear,  operations  on,  for  furuncle  of  auditory 

canal,  101 
indications  for,  101 
instruments  for,  101 
preparation  in,  102 
recurrence  in,  102 
technic  of,  102 

for  removal  of  foreign  bodies  in  ear,  110 
indications  for,  110 
technic  of,  110 
for  thrombosis  of  sigmoid  and  lateral  sinus, 

149 

indications  for,  150 
indications  for  ligation  and  resection  of 

jugular  vein  in,  151 
jugular  bulb  operations  in,  151 
ligation  and  resection  of  internal  jugular 

vein  in,  156 

contra-indications  to,  157 
indications  for,  156 
technic  of,  157-159 
surgical  anatomy  in,  149 
technic  of,  152 

mastoid  operation  in,  152 

(1)  prolongation  of  posterior  incision 

in,  152 

(2)  preliminary    delineation    of    sinus 

plate  in,  152 

(3)  removal    of    bone    over    posterior 

part  of  sinus  plate  in,  152 

(4)  removal  of  sinus  plate  in,  153 

(5)  placement   of   iodoform  plugs  in, 

154 

(6)  opening  of  sinus  in,  155 

(7)  packing  of  sinus  and  application 

of  dressing  in,  156 
for  wounds  of  ear,  110 
myringotomy  or  incision  of  tympanic  mem- 
brane, 97 

anatomical  considerations  in,  98 
anesthetic  in,  99 
dangers  of,  100 
indications  for,  98 
instruments  for,  98 
line  of  incision  in,  99 
preparation  for,  99 
results  in,  101 
on  labyrinth,  142 

after-treatment  in,  149 
anatomical  considerations  of,  145 

cochlea  in,  146 

semicircular  canals  in,  146 

vestibule  in,  145 
choice  of  operation  in,  149 
contra-indications  to,  145 
functional  tests  in,  143 

absolute  hearing  test,  143 

caloric  test,  143 

fistula  test,  144 

rotation  test,  143 
general  considerations  in,  145 
Hinsberg  operation  in,  147 
indications  for,  145 
Neumann  operation  in,  148 
structures  to  be  avoided  in,  149 
surgical  guides  to  vestibule  in,  147 
symptoms  of  vestibule  irritation  in,  144 

ataxia  in,  144 
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Ear,  operations  on,  on  labyrinth,  symptoms  of 
vestibule  irritation  in,  nystagmus 

in,    1  I  t 

vertigo   in.    !  \  \ 
operative  te< -hnic  in,  102 
anesthetist 'B  shield  in,  102 
chisels  and  gouges  in,  109 
instrument  table  in,   IIIL' 
instruments  in,  10.'{ 

for  ligation  of  jugular  vein,  105 
for  lumbar   pun. -tun-.    In.', 
for  radical  mastoid  "pi-ration,  104 
for  simple  mastoid  Opera! 
for  skin  grafting,   lot 
miscellaneous,   lot 
local  preparation  in,   in.', 
mastoid  curet   in,  use  of.    |ni; 
as  a  planing  instrument.    !"•; 
as  a  rotary  rutting  instrument,  107 
for  removing  parti. des  of  bone,    108 
of  various  types,   lux 
mastoid  dressing  in,  ordinary,  103 
mastoid  sponges  in,    lo.'f 
operating  table  in,  102 
preparation  of  operator  in,  103 
preparation  of  skin  grafts  in,  105 
rongeur  forceps  in,  use  of,  108 
sinus  thrombosis  (neck)  dressing  in,  103 
solutions  in,  103 

radical  mastoid  operation  in,  130 
after-treatment  in,  140 

skin  grafting  in,  140,  141 
anatomical  considerations  in,  131 

canal  for  tensor  tympani  m,is«de  in,  132 
character  of  bone  in,  131 
eustachian  tube  in,  132 
external  semicircular  canal  in,  132 
facial  nerve  in,  131 
foramen  ovale  and  rotundum  in,  132 
glenoid  fossa  in,  132 
jugular  bulb  in,  132 
lateral  sinus  in,  132 
promontory  in,  132 
tegmen  tympani  in,  133 
complications  following,  142 
indications  for,  130 
injury  to  facial  nerve  in,  140 
prognosis  of,  142 
technic  of,  133 

(1)  incision  in,  133 

(2)  reflection  of  periosteum  and  sepa- 

ration of  fibrous  auditory  canal 
in,  133 

(3)  preliminary  removal  of  bone  over 

outer  wall  of  attic,  antnun  and 
posterior  canal  wall  in,  134 

(4)  opening  of  antrum  and  removal  of 

mastoid  cells  in,  134 

(5)  removal   of   posterosuperior  quad 

rant  of  bony  canal  wall  in.   1  •"••"• 

(6)  lowering  of  facial  ridge  in.   i::ii 

(7)  removal  of  outer  wall  of  attic  in, 

136 

(8)  obliteration  of  hypotympanum  in, 

137 

(9)  curettage  of  eustachian  tube  in,  138 

(10)  formation  of  plastic  flap  in. 

(11)  suture  of  posterior  wound  in,  139 
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m,    111 
aft-r  trratrarat  i».  Iff 

•lrUjr.1    Mi**    ,*,    |f7 

Ur*  or  n«rrotir  boa*  in 

«•«.  \*7 


.,      • 


• 


diaenarf.  fro*  andtory  *mmm\  to,  iff 

•-  in.  124 
tanHiiiatore  in.  Iff 
parkin*  .n,|  awifayf  km.  Iff 
wound,  of  dura  itt 
woui  ,•  km,  1*7 

anatomical  roasi  deration*  km.  Ill 

dura  in.   I  in 

fariu!  ||« 

I.., rmmul  •r-miorrular  raaa)  in,  llf 

Mstoid  antrum  ia.  11.1 

mastoi.i  .,-!!.  in.   117 

sigmoiil  1 16 

uurfar*  marking  ia.  114 
lot   dmwing  ia.   19 
indication*  f.ir.   1 1 1 

aural  dinrhargf  in.  I  If 

complication*  in.   Ill 

constitutional  symptoow  ia,  11 4 

drum  nembraae  and  eaaal  vail  ia,  I  If 

duration  of  »r mpioow  ia.  1 1 1 

inflation  in.  natun*  of,   113 

maatoid  ten*\*n*m  ia.  113 

t«mperatnr 

postoperative  complication*  ia.  Iff 
prognosis  of.  Iff 

n; 


(i) 

(2) 
(3) 


(4) 
(5) 


incision  in.  117 

elevation  of  perioatem  ia,  llf 

openinK  of  antrum  n 


initial  groove  ia.  f 
removal  of  mastoid  tip  in.  if  I 
removal    of    sygomatir    evils    and 
final  treatment  of  satrun  ia.  Iff 

(7)  sinus  pUt 

(8)  exposure  of  dura  ia. 

(9)  exposure  of  siaus  in 

•   flaps  ia.  125 
(11)  parking   of   operative   rarity    in, 

!  '_'  " 

i   packing  of  auditory  raaa!  ia.  123 

..n  of  baa.U«r  ia.   l: 
vmosis,  spontaneous,  trentnwnt  of.  627 
Kchinocoerus  rysts  of  abdominni  «all.  764 
changes  in.  764 
treatment  of.  764 

Kchinoc.N  .-UH  of  lung,  operation  for,  551 
Ketropion.  58 
cicatricial,  62 

skin  grafting  for.  63 

Wharton  Jones  operation  for,  63 

cautery  puncture  for.  81 
Kuhnt  Meller  operation  for. 
spastic,  treatment  of,  58 
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Electricity  in  treatment  of  keloid  of  breast, 

638 

Electrolysis  for  removal  of  eyelashes,  54 
in  dilatation  of  strictures  of  esophagus,  495 
intra-esophageal,    in    treatment    of    benign 
cicatricial  stenosis  of  esophagus, 
441 

Emboli,  pulmonary,  following  celiotomy,  788 
Trendelenburg 's  operation  for  removal  of, 

608 

general  considerations  of,  608 
technic  of,  609 
Emphysema  of  lungs,  operative  treatment  of, 

552 
Empyema   in   pleural   cavity,   operations   for, 

527 

bismuth  paste  injections  in,  535 
combined   methods  in,  for  old  empyemata, 

531 

decortication  of  lung  in,  531 
Estlander's  operation  in,  529 
indications  for,  529 
technic  of,  530 

intercostal  thoracotomy  in,  527 
puncture  with  subsequent  drainage  in,  527 
indications  for,  527 
technic  of,  527 
resection  of  ribs  in,  527 
anesthesia  in,  527 
instruments  in,  527 
technic  of  operation  in,  528 
aspiration  apparatus  for,  529 
drainage  in,  528 

incision  and  opening  of  sacs  in,  528 
irrigation  of  cavity  with  solutions  in, 

529 

removal  of  pus  in,  528 
Schede's  thoracoplasty  operation  in,  530 
Sudeck's  operation  in,  530 
Encephaloscope,  Whiting,  163 
Enchondroma  of   breast,  operative  treatment 

of,  646 
Endoscope,  direct,  in  gastroscopy,  462 

value  of,  470 
Endothelioma  of  breast,  operative  treatment 

of,  646 

Endothyropexy,  292 
Entropion,  64 
cicatricial,  65 

canthoplasty  in,  66 
Snellen's  operation  for,  65 
tarsorrhaphy  for,  66,  67 
spastic,  64 

cautery  puncture  for  (Ziegler),  65 
Gaillard  sutures  for  treatment  of,  64 
Enucleation  of  eye,  50 
anesthesia  in,  51 
artificial  eyes  after,  52 
indications  for,  50 
instruments  for,   51 
technic  of,  51 
modified,  52 
Epiglottidectomy,  339 
indications  for,  339 
results  of,  340 
technic   of,   339 

Epiglottis,  removal  of.    See  Epiglottidectomy. 
Epithelial  bodies,  273 


Epithelioma  of  esophagus,  443 

infiltrating,  446 

of  larynx,  complete  laryngectomy  in,  348. 
See  also  Laryngectomy,  com- 
plete. 

Erb's  test  in  tetania  parathyreopriva,  323 
Esophageal  stricture,  use  of  sausage  skin  in 
X-ray    diagnosis   and   treatment 
of,  424 

passage  of  skin  in,  425 
preparation  of  skin  in,  424 
teehnie  of  treatment  in,  426 
technic  of  X-ray  examination  in,  425 
Esophagoplasty,  522 
Esophagoscope  in  examination  of  esophagus, 

430 
Janeway's,  430 

dimensions  of,  432 
Lewisohn  's,  432 
Esophagoscopy,  417 

anatomical  considerations  in,  417 

course  of  esophagus  in,  420 

length  of  esophagus  in,  418 

position  of  esophagus  in,  417 

diagnosis     and     treatment     of     esophageal 

lesions  by  means  of,  437 
benign  cicatricial  stenosis,  437 

appearance  of,  through  esophagoscope, 

438 

etiology  of,  437 
mortality    without    esophagoscopy    in, 

439 
treatment  of,  439 

conclusions  from,  442 

in  stenosis  requiring  dilatation  only, 

439 
in    stenosis    requiring    gastrostomy, 

441 
in  stenosis  requiring  intra-esophageal 

operative  procedure,  439 
internal   esophagotomy  in,  440 
intra-esophageal     electrolysis     in, 

441 

benign  tumors,  443 
congenital  stenosis,  442 
dilatations  of  esophagus,  450 
due  to  cardiospasm,  451 

appearance    of,    through    esophago- 
scope, 451 

treatment  of,  by  dilatation,  452 
bougie  aid  in,  453 
hydrostatic,  453 
instrumental,  452 
dietetic,  454 
operative,  454 

due  to  spasmodic  contraction,  450 
diverticula,   449 
pulsation,  449 
traction,  450 

foreign  bodies  in  esophagus,  457 
diagnosis  of,  457 
importance   of   skill  in   esophagoscopic 

treatment  in,  459 
mortality  in,  458 

removal  of,  through  esophagoscope,  457 
inflammation  and  ulceration  of  the  esoph- 
agus, 454 
in  peptic  ulcers,  455 
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Esophagoscopy,  diagnosis  and  treatment  of 
esophageal  lesions  by  means  of, 
inflammation  and  ulceration  of 
the  esophagus,  in  syphilitic  ul 
ceration.  455 

in  tuberculous  lesions,  455 
simple  inflammation  in,  454 
malignant  new  growths.    II.: 
appearance  of,  through  esophagoscope, 

444 

of  infiltrating  <»pithHiomaf  446 
of  polypoid  typo,  446 
of  ring  like  stenosis,   1  17 
of  secondary  growths,  447 
of  ulcerated  cancer,  446 
treatment  of,  447 
dilatation  in,  448 
intubation  in,  448 
radium  therapy  in,  448 
neurosis  of  esophagus,  456 
paralysis  and  paresis  of  esophagus  456 
history  of,  427 
instruments  used  in,  430 

auxiliary  tube  for  aspirating  purposes  in, 

431 

esophagoscope  in,  430 
Janeway's,  430 

dimensions  of,  432 
Lewisohn's,  432 
illumination  in,  430 
intra-esophageal  forceps  in,  431 
objective  examination  of  interior  of  esoph- 
agus an  aid  to,  421 
Mixter's  method  of,  423 
preliminary  history  taking  in,  421 
preliminary  physical  examination  in,  421 
Eontgen  rays  in,  423 

use  of  sausage  skin  in,  424 
passage  of,  425 
preparation  of,  424 
technic  of  examination  in,  425 
Eumpel  's  method  of,  422 
sounding  in,  422 
Strauss 's  method  of,  422 
technic  of  examination  in,  432 
anesthesia  in,  433 
assistant  in,  434 

introduction  of  esophagoscope  in,  434 
position  of  patient  in,  -I."..'! 
preparation  of  patient  in,  432 
Esophagotome,  440 
Esophagotomy,  497 
dangers  of,  500 
external,  498 

anatomical  considerations  of,  499 
indications  for,  498 
technic  of,  499 
internal,  497 

combined  with  gastrostomy,  497 
for  benign  cicatricial  stenosis  of  esoph- 
agus, 440 
Esophagus,  anatomy  of,  417 

course  of  esophagus  in,  420 
length  of  esophagus  in,  418 
position  of  esophagus  in,  417 
benign  cicatricial  stenosis  of,  437 
appearance  of,  through  esophagoscope,  438 
etiology  of,  437 


internal 
benign  tumors  of. 

congenital 
dilatations  of, 

due  to 

appearance  of,  throvgh 

treatment  of.  by 

boogie  aid  ia.  453 
hydrostatic.  453 

dietetic,  454 

due  t.. 
d iv.  rticula'of,  501.     *ff  «/*, 

agua.  operation  am. 
diagnosis  and  treatment  of,  440 
pulsation,  449 
traction,  450 

netbodof 
threaded  boogie  for 

Msjsj|  ,.!. 
examination  of.   with 


foreign 

!    .,.,..;  ...  .. 

importance  of  «kill  in,  459 
mortality  in.  458 
by  external  cmphagotosay.  4§8 
inflammation   and    utrrmtion   of. 
aad  treatment  of.  by 

in   |H-ptir  ulrera,  455 
in  sv,.hihti.-  ulrrralMm,  455 
in  tiiliciruloua  l^eieai,  455 
simple  inflammation  in,  454 
malignant  new  growth,  or 
appearance    of.    through 


of  infiltrating  epHL_ 
of  polypoid  type,  446 
of  ring  like  stenosis 
of  secondary  growths.  447 
of  ulcerated  cancer,  444 
treatment  of. 

dilatation  in.  448 
intubation  in,  448 
radium  therapy  in,  448 
neurosis  of.  diagnosis  aad  tf  _ 

objective  examination  of  'interior  of,  421 

r's  method  of,  423 
preliminary  history  taking  ia.  421 
preliminary  physkml  crasifastioo  ia,  421 


of,  by 
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Esophagus,  objective  examination  of  interior 

of,  Rontgen  rays  in,  423 
use  of  sausage  skin  in,  424 
passage  of,  425 
preparation  of,  424 
technic  of  examination  in,  425 
Bumpers  method  of,  422 
sounding  in,  422 
Strauss 's  method  of,  422 
paralysis  and  paresis  of,  diagnosis  and  treat- 
ment of,  by  esophagoscopy,  456 
resection  of,  502.     See  also  under  Esoph- 
agus, operations  on. 

strictures  of,  493.     See  also  under  Esoph- 
agus, operations  on. 
esophagotomy     combined     with     gastros- 

tomy  for.    See  Esophagotomy. 
external  esophagotomy  for,  499 
Esophagus,  operations  on,  491 
esophagoplasty,  522 
esophagotomy,  497 
dangers  of,   500 
external,  498 

anatomical  considerations  of,  499 
indications  for,  498 
technic  of,  499 
internal,  497 

combined    with    gastrostomy,    497 
for  diverticulum,  501 
after-treatment  of,  502 
anatomical  considerations  of,  501 
technic  of,  501 
introduction  of  sounds  in,  491 

anatomical  considerations  of,  491 
for  diagnosis,  492 
for  dilatation  of  strictures,  493 
bougie  with  thread  guide  in,  494 
centra-indications  to,  496 
dangers  of,  496 
electrolysis  in,  495 
filiform  bougies  in,  493 
rubber  tube  stretched  over  long  probe 

in,  494 

technic  of  passing  bougie  in,  493 
types  of  bougies  used  in,  492 
resection  of  esophagus,  502 

by  intrathoracic  resection  of  tumor  and 
anastomosis    of    esophagus    and 
stomach  by  a  button,  for  larger 
carcinomata  of  cardia,  518 
with  Payr's  button,  518 
with  TiegePs  button,  519 
by  invagination  method  for  carcinoma  of 

the  cardia,  518 
by  transpleural   route  for   carcinoma  of 

the  cardia,  517 
combined  abdominothoracic  procedure  in, 

for  carcinoma  of  cardia,  520 
dangers  and  difficulties  of,  522 
in  abdominal  portion,  517 
in  cervical  portion,  502 

anatomical  considerations  of,  502 
causes  of  failure  in,  504 
dangers  of,  504 
results  of,  504 
technic  of,  502 

restoration  of  esophagus  in,  502. 
in  thoracic  portion,  504 


Esophagus,  operations  on,  resection  of  esoph- 
agus,   in   thoracic   portion,   ana- 
tomical considerations  of,  509 
general  considerations  of  intrathoracic 

operations  in,  504 
anesthesia  in,  507 
pneumothorax  in,  504 
collapse  of  lung  in,  504 
diminished   diastolic   expansion  of 

heart  in,  505 
displacement    of    mediastinum    in, 

505 

"mediastinal  fluttering77  in,  505 
overcoming  dangers  of,  by  differ- 
ential pressure,  506 

Brauer  method  of,  507 
Sauerbruch  method  of,  506 
by  intratracheal  insufflation,  507 
in  absence  of  apparatus,  506 
preparation  of  patient  for,  507 
technic  of,  507 
indications  for,  508 
instruments  used  in,  509 
technic  of,  510 

(1)  gastrostomy  preceding,  510 

(2)  incision  in,  511 

(3)  opening  of  pleura  in,  511 

(4)  freeing  lung  of  adhesions  in,  512 

(5)  liberating   esophagus   from    sur- 
rounding structures  in,  512 

(6)  preparation  for  dividing  esoph- 
agus in,  515 

(7)  resection  of  esophagus  in,  515 

(8)  closing  of  chest  in,  516 

(9)  suturing  of  esophagus  to  skin  in, 
516 

(10)  after-treatment  in,  516 
through  neck  and  abdomen  without  open- 
ing thorax,   for  carcinomata  of 
cardia,  521 

through    resection    of    first,    second    and 
third  ribs,  for  carcinoma  of  up- 
per part,  520 
Estlander's  operation  for  empyema  of  pleural 

cavity,  529 
indications  for,  529 
technic  of,  530 
Exenteration  of  orbit,  89 

technic  of,  89,  90 
Exophthalmic  goiter,  non-operative  treatment 

of,  278 

Exophthalmic  goiter,  operations  for,  275 
anatomical  considerations  in,  269.    See  also 

under  Thyroid   gland, 
anesthesia  in,  283 

Crile's  method  in  administration  of,  284 
general,  284 

intratracheal  insufflation,  284 
local,  285 
rectal,  284 
contra-indications  to,  278 

summary  of,  282 
general  considerations  of,  275 
indications  for,  276 
summary  of,  282 
operative  procedures  in,  279 
choice  of,  283 
injections  into  gland  in,  282 
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Exophthalmic  goiter,  operative 

ligation  of  veMtVia,  *™ 

partial  thyroidectomy  in,  280 
sympathectomy  in,  282 
thymectoray  in,  281 
postoperative  care  in,  285 
postoperative  results  in,  886 
functional,  287 
mortality  in,  286 
symptoms  of,  275 
technic  of,  294 
enucleation  in,  312 
excision  or  rxtirpation  of  one  I.. I.,-  or  one 

lobe  and  isthmus  in,  297 
closure  of  wound  in. 
drainage  in,  3u~i 
incision  in,  297 
operative  technic  in,  297 
exenteration  in,  313 
general  considerations  of,  294 
incisions  in,  296 

ligation  of  inferior  thyroid  artery  in,  309 
anterior  operation  in,  309 
posterior  operation  in,  311 
ligation  of  superior  thyroid  vessels  in,  307 
resection  in,  306 
Exophthalmometer,  Hertell's,  4 
Exothyropexy,  292 

Extradural  tumors  of  spine,  removal  of,  698 
Exudates,  inflammatory,  in  pericardium,  aspi- 
ration or  drainage  of,  578 
general  considerations  of,  578 
in  serous  effusions,  579 
in  tuberculous  pericarditis,  586 
operative  procedures  in,  586 
pericardiotomy  with  drainage  in,  586 
pericardiotomy  without  drainage  in,  587 
indications  for,  579 
in  suppurative  pericarditis,  579 
pericardiocentesis  in,  580 
indications  for,  580 
pericardiotomy  versus,  580 
site  of  puncture  in,  581 
technic  of,  582 
pericardiotomy  in,  583 

for  evacuation  of  purulent  exudate,  583 
resection    of    seventh,    or    sixth    and 
seventh     costal     cartilages     in, 
585 

resection  of  sixth  cartilage  in,  584 
indications  for,  583 
methods  of,  583 
results  of,  586 
Eye,  choked  disk  in,  11 
brain  tumors  and,  15 
changes  of  visual  field  in,  14 
course  of,  12 
diagnosis  of,  12 
etiology  of,  11,  12 
summary  of,  16 
treatment  of,  15 
Eye,  examination  of,  1 
auscultation  in,  4 
inspection  in,  1 
measurements  in,  3 
of  vision,  4 

blind  spots  in,  8 
Bjerrum  test  for,  8 
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•UtifcMls    fur. 

19 

enurlration  in.  50 

,i  ......   4    . 

artificial  eye.  after,  58 

bub  UJMMI  '.».    .1 

modified.  58 
for  chalazioa,  56 
for  injuries  to  eyeball.  44 
by 

in  conju. 

oroea,  46 
in  .nt.-r.or,  49 

localization  of,  49 


iliary  body, 
in  conjunctiva. 

superficial.  44 

in  selera,  small 

for  strabismus,  40 

eetioa  in.  4O 

teehnic  of.   »  :.  u 

i:.-n,-r:il    MM    :•  I  «•  -      L  U 

on  conjunctiva,  85 
injections  in,  85 
pterygiura  in.  UeKeyaold's 

J "'  _'  7 

on  cornea,  88 

for  paraeeateais,  84 
for  ulcer,  88 
cauteriutMM  ia.  88 
Saeminrh  iacisMM  of  com 
tattooing  of  coraea  ia.  83 
in,  24 


U 


operation  in,  84 

elashea,    54.      AM   •*»    «nsW 


on    eyelashea, 


anesthesia  ia.  87 
instruments  for,  87 
t«i-hni.-  «•!".   _7  29 
on  lacrimal  apparatus,  75.    5r*  also  Lacri- 

mai  apparatus, 
on  lens,  29 

for  cataract,  30 
hard.  .11 

iction  of.  ia  capaofe,  85 
simple.  31. 
with  iridecUnay,  38*35 
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Eye,  operations  on  lens,  for  cataract,  second- 
ary, 35 

DeWecker  operation  in,  36 
discission  in,  36 
needling  in,  35 
soft,  30 

linear  extraction  of,  31 
needling  of  anterior  capsule  in,  30 
for  glaucoma,  37 
absolute,  39 

enucleation  in,  39 
acute,  37 

iridectomy  in,  37 
myotics  in,  37 
trephining  in,  38 
chronic,  38 

iridectomy  in,  38 
trephining  in,  38 
from  old  iritis,  39 
iridectomy  in,  39 
for  high  myopia,  removal  of  lens  in,  29 

operative  technic  of,  30 
on  orbit,  84.     See  also  Orbit, 
surgical  anatomy  of  eyeball  in,  20 
aqueous  chamber  in,  22 
choroid  coat  in,  21 
ciliary  body  in,  21 
conjunctiva  in,  22 
cornea  in,  20 
hyaloid  membrane  in,  22 
iris  in,  21 
lens  in,  22 
capsule  of,  22 
cortex  of,  22 
nucleus  of,  22 
suspensory  ligament  of,  22 
retina  in,  22 
sclerotic  coat  in,  21 
tenon's  capsule  in,  22 
vitreous  chamber  in,  22 
Eyelashes,  operations  on,  54 

removal  of,  by  electrolysis,  54. 
Eyelids,  operations  on,  53 
for  ectropion,  58 
cicatricial,  62 

skin  grafting  in,  63 
Wharton-Jones  operation  in,  63 
senile,  59 

cautery  puncture  for,  59 
Kuhnt-Meller  operation  for,  59-62 
spastic,  58 
for  entropion,  64 
cicatricial,  65 

canthoplasty  in,  66 
Snellen's  operation  for,  65 
tarsorrhaphy  in,  66,  67 
spastic,  64 

cautery  puncture  in   (Ziegler),  65 
Gaillard  sutures  in,  64 
for  injuries,  74 

from  foreign  bodies,  75 
superficial  wounds  in,  74 
for  ptosis,  67 

resection  of  tarsus  in,  68 

technic  of,  69 

Tansley-Hunt  operation  for,  68 
for  restoration  of  culdesac,  71-74 
for  sty  (hordeolum),  55 


Eyelids,    operations    on,    for    symblepharon, 

71 

May-Hotz  operation  in,  71 
for  trachoma,  57 
surgical  anatomy  of,  53 

Facial   nerve,   injury   to,   in   radical  mastoid 

operation,  140 

Fascia,  axillary,  anatomy  of,  621 
Fibro-epithelial   tumors   of    breast,    operative 

treatment  of,  646 
Fibroma  of  abdominal  wall,  764 

periductal,   of   breast,   operative   treatment 

of,  646 

Finger  method  of  total  rhinoplasty,   178 
Finney's  method  of  rhinometathesis,  192 
Fistulas,  gastric,  763 
intestinal,  763 
of  salivary  glands  and  ducts.     See  Salivary 

glands  and  ducts. 

Forceps,  rongeur,  for  ear  operations,  108 
Foreign  bodies  in  abdominal  wall,  760 
in  bronchi,  removal  of,  554 

by  bronchotomy  through  chest  walls,  363 
method  of  procedure  in,  363 
site  of  thoracic  incision  in,  364 
in  ear,  110 

operations  for  removal  of,  110 
in    esophagus,    external    esophagotomy    for 

removal  of,  498 
location   and   removal  of,  by   esophagos- 

copy,  457 

importance  of  skill  in,  459 
mortality  in,  458 
in  eye,  extraction  of,  45 
in  conjunctiva,  45 
in  cornea,  46 
in  interior,  49 

localization  of,  49 
magnetic,  50 
non- magnetic,  49 
in  eyelids,  75 

in  heart,  operation  for  removal  of,  606 
involving  heart  and  seen  and  felt  exter- 
nally, 606 

permanently  lodged  in  heart,  607 
small,  introduced  through  recent  wounds, 

606 

in  orbit,  incision  for,  87 
in  pericardium,  operations  for  removal  of, 

590 

in  salivary  ducts,  removal  of,  220 
in   trachea  or  bronchi,   operations   for   re- 
moval of,  371 
complications  in,  372 
procedures  in,  371 
left  in  wounds  of  celiotomy,  787 
Formalin  applications  in  treatment  of  inop- 
erable cancer  of  breast,  673 
Fractures  of   spine,   operative   treatment   of, 

710 

in  old  fractures,  712 
in  recent  fractures,  710 
contra-indications  to,  711 
indications  for,  711 
preliminary  treatment  of,  710 
technic  of  operation  in,  712 
results  of,  713 
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Fractures,  spontaneous,  accompanying  ear 
cmoma  of  breast,  674 

Jreund  s  method  of  chondrotomy  of  first  rib 
in  operative  treatment  of  tuber 
culosis  of  lungs,  542 

fnedrich's  method  of  extensive  resection  of 
ribs  in  operative  treatment  of 
tuberculosis  of  lunga,  543 

.brontal  sinus,  operations  on, 
extranasal,  200 

Beck's    double   osteoplastic   flap   method 

Hajek-Luc  'method  of,  205 
Killian's  method  of,  200-202 
Knapp's  method  of,  202 
Kuhnt's  method  of,  205 
intranasal,  199 

Good's  method  of,  199 
Halle's  method  of,  199 

Fulguration  in  treatment  of  inoperable  can- 
cer of  breast,  673 

in  treatment  of  raw  area  following  opera- 
tions for  cancer  of  the  breast, 
668 

Furuncle  of  auditory  canal,  95 
operative  treatment  of,  101 

Gaillard    sutures    for    treatment    of    spastic 

entropion,  64 

Galactocele,  operative  treatment  of,  637 
Galactophoritis,  operative  treatment  of,  631 
Galactorrhea,  treatment  of,  622 
Gall-bladder  and  ducts,  exposure  of,  for  opera- 
tion, 769 

Bevan's  incision  in,  771 
Kocher's  oblique  incision  in,  770 
A.  W.  Mayo-Robson 's  incision  in,  770 
vertical  incision  in,  769 
Galvanocautery  for  removal  of  new  growths 

on  vocal  cords,  340 
Gangrene   of  lungs,   operative  treatment  of, 

540 
Gangrenous    cellulitis    of    breast,    operative 

treatment  of,  636 
Gastric  crises  of  tabes,  division  of  posterior 

spinal  roots  for  relief  of,  714 
results  of,  718 

technic  of  operation  for.     See  Rhizotomy. 
Gastric  fistulas,  763 

Gastroscope,  464.    See  also  Gastroscopy. 
Gastroscopy,  460 

appearances  of  normal  stomach  in,  471 
cancer  and  ulcer  of  stomach  in,  473 
appearances  in,  473 
microscopic  examination  of  portions  of, 

474 
diagnosis  of  pathological  conditions  within 

stomach  in,  471 
X-ray  and  gastroscope  in,  combined,  value 

of,  476 

comparative  value  of,  474 
field  of  usefulness  of,  470 
history  and  general  principles  of,  460 
direct  endoscope  in,  462 
indirect  telescope  in,  462 
Jackson's,  Chevalier,  endoscope  in,  463 
von  Mikulicz  gastroscope  in,  461 
von  Mikulicz 's  work  in,  461 
53  B 
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Glaucoma,  37 
absolute,  39 


iridectomy  in,  3* 
trephining  in,  38 
from  old 

iri.l.i-tori.y    in,  39 
secondary,  paracenteria  of  coraei 
Globe  of  eye,   foreign   bodies  ia, 

of.  49 

localization  in,  49 
magnetic,  50 
non  magnetic.  49 
Gluck  on  single  stage  operation  in 

IM  PMfls^s*4tfhs^n* 

Goiter,  exophthaJaiieTjS* 

r,  lingual,  treatment  of.  313 
(u.it.T.  -m.pl,..  operations  for,  2*9 
anatomical    considerations    in. 


• 


contra  indications  to, 
indii-ntiona  for.  289 
abnormally  situated  go  • 
deformity  or  discomfort,  889 
pressure  disturbance*.  290 
«u»l  alignaarir.  2» 

symptoms  of  toxemia,  890 
medical   treatment   ra, 

in.  290 

results  of  operatkwa  in.  893 
mortality   in.  293 

postoperative  complication*  in,  893 
r.  lief  of  symptoms  in.  29* 

.1  procedure*  in,  890 
(•h..i<-o  of,  293 

•  displacement  or  dislocation  ia,  298 
enucleation  of  tumor*  in.  891 
with  excision  in.  298 
with  resection  in,  898 
excision  in,  291 

!<>n  of  cysta  and  ezwteratioa  ia,  898 
isthmectomy  in,  898 
obnlrtt  Mtaoda  in,  893 
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Goiter,   simple,   surgical  procedures  in,  resec- 
tion in,  291 
with  excision,  292 
tracheotomy  in,  292 
technic  of,  294 

enucleation  in,  312 

excision    or   extirpation    of    one   lobe    or 

one  lobe  and  isthmus  in,  297 
closure  of  wound  in,  305 
drainage  in,  305 
incision  in,  297 
operative  technic  in,  297 
exenteration  in,  313 
general  considerations  of,  294 
incisions  in,  296 

ligation  of  inferior  thyroid  artery  in,  309 
anterior  operation  in,  309 
posterior  operation  in,  311 
ligation  of  superior  thyroid  vessels  in,  307 
resection  in,  306 
Good's    method    of    intranasal    operation    on 

frontal  sinus,  199 

Graves'  disease.    See  Exophthalmic  goiter. 
Grossich's  method  of  using  tincture  of  iodin 
for     preparation     of     operative 
field  in  operations,  774 

Guisez,  work  of,  on  intra-esophageal  electroly- 
sis for  treatment  of  benign  cica- 
tricial  stenosis,  441 
Gulecke's    method    for    division    of    posterior 

spinal   roots,   719 

Gunn,  Marcus,  on  course  of  choked  disk,  13 
Gunshot  wounds  of  abdominal  wall,  760 
Gynecomazia,  operative  treatment  of,  627 

von  Hacker,  method  of,  for  repair  of  ala  of 

nose,  183 

for  restoring  esophagus  following  resec- 
tion of  cervical  portion,  504 
work  of,  on  esophagoscopy,  429 
Hajek-Luc  method  of  extranasal  operation  on 

frontal  sinus,  205 
Halle's   method    of    intranasal    operation    on 

frontal  sinus,  199 
Handley's  lymphoplasty,   670 
Heart,  foreign  bodies  in.     See  Heart,  opera- 
tions on,  for  foreign  bodies, 
suture  of,  in  wounds  of  heart.     See  under 
Heart,       operations       on,       for 
wounds. 

wounds  of,  operations  for  treatment  of,  592. 
See  also  under  Heart,  operations 
on. 

Heart,  operations  on,  592 
cardiac  massage  in,  607 
indications  for,  607 
methods   of   approach   to   heart   in,    607, 

608 

experimental,  609 
for  foreign  bodies  in  heart,  606 

involving  heart  and  seen  and  felt  exter- 
nally, 606 

permanently  lodged  in  heart,  607 
small,  introduced  through  recent  wounds, 

606 
for  removal  of  pulmonary  emboli,  Trende- 

lenburg's  operation,  608 
general  considerations  of,  608 


Heart,    operations    on,    for    removal    of    pul- 
monary emboli,  Trendelenburg's 
operation,  technic  of,  609 
for  wounds  of  heart,  592 
conclusions  on,  603 
general  considerations  of,  592 
illustrative  case  of,  604 
indications  for,  592 
postoperative  treatment  of,  603 
results  of,  603 
technic  of,  593 
anesthesia  in,  593 

closure  of  superficial  wound  in,  603 
differential  pressure  in,  593 
drainage  in,  600 
exposure  of  heart  in,  594 

by  extrapleural  exploratory  pericar- 

diotomy,  597,  598 
by  intercostal  incision,  595 
by  osteoplastic  flaps,  596 
location  of  wound  in,  598 
preparation  in,  593 
suture  of  heart  in,  599 
inspection  of  lung  in,  600 
suture  material  in,  599 
technic  of,  599 

treatment  for  cessation  of  heart  dur- 
ing, 600 

suture  of  pericardium  in,  600 
Heart  and  pericardium,  anatomy  of,  571 
chest  wall  in,  576 

relations  of  lungs  to,  577 
relations  of  pleurae  to,  576 
heart  in,  573 
arteries  of,  574 
chambers  of,  574 
nerves  of,  574 
position  of,  573 
structure  of,  574 
veins  of,  574 
pericardium  in,  571 
blood  supply  of,  573 
divisions  of,  573 
layers  of,  572 
ligaments  in,  573 
relations    of    heart    and    pericardium   to 

thoracic  wall  in,  575 
Heidenhain's  costotransversectomy  operation, 

560,  561 

Heliotherapy  in  treatment  of  tuberculous  cer- 
vical adenitis,  388 
Hemilaminectomy  in  opening  of  spinal  canal, 

692 
Hemorrhage  following  celiotomy,  788 

from  intercostal  and  internal  mammary  ar- 
teries, operations  to  check,  532 
Hemothorax,  operations  on  lungs  for,  538 
Hernia,  abdominal,  763 

cerebri,  164 

HertelFs  exophthalmometer,  4 
Heterochronic  lactation,  treatment  of,  622 
Hill  and  Eisner  indirect  telescope  for  gastros- 

copy,  465 

Hinsberg  operation  on  labyrinth,  147 
Hodgkin's  disease,  383 
diagnosis  of,  383,  384 
generalization  in,  384 
treatment  in,  385 
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Hodgkin  's    disease,    medical 
384 

recurrence  of,  384 

signs  and  symptoms  of,  383 

surgical  treatment  of,  384 

X-ray  treatment  of,  384 
Hoffman's    test    in    tetania    parathyreopriva, 

Hollander's  method  of  total  rhinoplasty,  180 

Hordeolum,  operative  treatment  of. 

Hueter  's  method  of  restoration  of  tin  of  HOM 

mr  s)*w»»| 

Hyaloid  membrane  of  eye,  anatomy  of,  22 
Hydatid  disease  of  breast,  operative  treatment 

of,  6;i7 

of  lungs,  operations  for,  551 
Hydrocephalus,  mild  chronic,  lumbar  puncture 

in   treatment   tit'.   - 

Hygroma  colli,  operative  treatment  for,  408 
Hyperthyrni.lism,  treatment  of.  -J7.-, 
Hypertrophy  of  breast,  diffuse.  ojK'rations  for. 

625 
associated  with  pregnancy,  627 

prognosis  in,  627 

not  associated  with  pregnancy,  625 
vagina],  626 

operative  treatment  of,  626 
amputation  in,  626 
resection  in,  626 
palliative  treatment  of,  626 

Ileus,  mechanical,  following  celiotomy,  787 
Indian  method  of  total  rhinoplasty,  170 
Inflammation  of  abdominal  wall.    See  Abdom- 
inal wall,  inflammation  of. 
Inflammation    and    ulceration    of    esophagus, 

454 
Injections  of  sac  in  treatment  of  spina  bifida, 

744 
Intercostal  incision  in  exposure  of  heart  for 

operation,  595 
Intestinal  fistulse,  763 
Iridectomy,  27 
anesthesia  in,  27 
instruments  for,  27 
technic  of,  27-29 
Iris,  anatomy  of,  21 

operation  of  iridectomy  in,  27-29 
Iritis  with  tension,  paracentesis  of  cornea  for, 

24 

Irrigation  of  lacrimal  passage,  78 
Israel's  method  of  rhinometathesis,  193 
method  of  total  rhinoplasty,  178 
modification  of  Koenig  's  method  of  rhino- 
metathesis,  191 

Isthmectomy  for  simple  goiter,  292 
Intradural  tumors  of  spine,  removal  of,  fol- 
lowing laminectomy,  698 
general  technic  of,  698 
special    procedures    at    different    levels    of 

cord  in,  701 

Intramedullary  tumors  of  spinal  cord,  technic 
of  removal  of,  following  laminec- 
tomy, 702 

aspiration  of  cord  in,  703 
failure  to  find  growth  in,  708 
incision  of  cord  in,  704 
recognition  of  tumor  in,  702 


and  f asria  for  ryotfe 

•  ••    -•    •    - 

Jugular  bulb,  operatic**  a*,  for 
of    stool 

Jugular  rein,  internal. 

of.    for   thrombo*  of 
and  lateral  siios,  154 

contra  indication,  t. 

indications  for.  151,  156 

technic  of,  157  159 

Keating  Hart  fulguratioo 
ing  exposed 
.-rntion  for 

m 

Keegan's  method  of 


Keloid    of    breast, 


radium  therapy  for.  63* 
X  ray  therapy  for,  638 
Killian's  method  of  extn 

frontali 

Kirstein.  work  of,  on 
Knapp's  method  of 
frontal 
Knopf's   apparatus    for 


Kocher's  method  for  mrpoearf   of 
osteophMtte  flap,  5M 
mollification    of     HeidcoJuiin  '• 

—  •jjjntjL  !„«•       'Ul  I 

oblique  incMfcM         cxo«r*  of 


»    sa 


Koenig 's  metho.1  for  repair  of 

method  of  rhinometatheoia,  190 
Israel's  modificatKNi  of.  191 
method  of  total  rhiaoplastr.  171 
Kolle  's  mftho.1  of  reotorattoo  of  tip  of 

in 

Krakau,  work  of,  OB 
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Kronlein's  operation  of  osteoplastic  resection 

of  outer  wall  of  orbit,  87 
operative  technic  in,  87-89 

Kuhnt's  method  of  extranasal  operation  on 
frontal  sinus,  205 

Kuhnt-Meller  operation  for  senile  ectropion, 
59-62 

Kussmaul,  work  of,  on  esophagoscopy,  428 

Kiittner's  operation  for  treatment  of  pendu- 
lous breast,  625 

Kyphosis  of  fetal  spine  a  cause  of  spina  bi- 
fida,  725 

Labadie's    method     of    removal    of    tongue 
through   jaw    for    treatment    of 
malignant  growths,  250 
Labyrinth,  operations  on,  142 
after-treatment  in,  149 
anatomical  considerations  in,  145 
cochlea  in,  146 
semicircular  canals  in,  146 
vestibule  in,  145 
choice  of,   149 
contra-indications  to,  145 
functional  tests  in,  143 
absolute  hearing  test,  143 
caloric  test,  143 
fistula  test,  144 
rotation  test,  143 
general  considerations  in,  145 
Hinsberg  operation  in,  147 
indications  for,  145 
Neumann  operation  in,  148 
structures  to  be  avoided  in,  149 
surgical  guides  to  vestibule  in,  147 
symptoms  of  vestibule  irritation  in,  144 
ataxia,  144 
nystagmus,  144 
vertigo,  144 

Lacrimal  apparatus,  operations  on,  75 
for  irrigation,  78 
lacrimal  sac  extirpation,  79 
after-treatment  in,  82 
dissection  in,  80  J£<  ,  v 

incision  in,  primary,  80 
indications  for,  79 
injection  in,  79 
instruments  for,  79 
suturing  in,  82 
on    lacrimal    gland,    excision    of    palpebral 

portion  of,  83 
probing  in,  76 

slitting  canaliculus  and  lacrimal  duct  in,  78 
surgical  anatomy  in,  75 
canaliculi  in,  75 
lacrimal  gland  in,  75 
lacrimal  groove  in,  75 
lacrimal  sac  in,  75 
nasal  duct  in,  75 
Lacrimal  probes,  76,  77 
Lacrimal  punctum,  53 
Lacrimal  sac  speculum,  Mueller's,  79 
Lactation,  heterochronic,  treatment  of,  622 
Lactation    mastitis,    operative    treatment    of, 

624 
Laminectomy,  682 

anatomy  of  spinal  canal  in  relation  to,  682 
anesthesia  in,  686 


Laminectomy,  conditions  requiring,  719 
dangers  and  difficulties  of,  693 
abdominal  distention  in,  693 
bladder  disturbances  in,  693 
leakage  of  cerebrospinal  fluid  in,  693 
for  tumor  of  spinal  column  and  cord,  696 
division  of  anterolateral  tracts  of  cord  in, 

697 

general  considerations  of,  696 
in  extradural  tumors,  698 
in  intradural  growths,  698 
general  technic  of,  698 
special  procedures  at  different  levels  of 

cord  in,  701 

in  intramedullary  tumors,  702 
aspiration  of  cord  in,  703 
failure  to  find  growth  in,  708 
incision  of  cord  in,   704 
recognition  of  tumor  in,  702 
removal  of  growth  in,  705 

extrusion  of  tumor  in,  705 
results  of  surgical  treatment  in,  709 
functions  of  spinal  column  after,  695 
mortality  of  operation  of,  696 
normal  appearance  of  spinal  cord  in,  694 
position  of  patient  in,  685 
recognition  of  spinal  lesions  in,  694 
technic  of  operation  in,  687 

(1)  incision,  687 

(2)  division    of    interspinous   ligaments, 

688 

(3)  removal  of  spinous  processes,  689 

(4)  removal  of  laminae,  689 

(5)  control  of  bleeding,  690 

(6)  incision  of  dura,  690 

(7)  closing  of  dura,  691 

(8)  closing  of  wound,  691 

two-stage  operations  in,  indications  for,  695 
Landolt  test-types  for  examination  of  vision, 

4,  5 
von  Langenbeck's  method   of  restoration   of 

columna  of  nose,  187 
method  for  repair  of  ala  of  nose,  183 
von  Langenbeck-Sedillot  method  of  removing 
tongue    through    jaw    in    treat- 
ment   for    malignant     growths, 
249 

Laparotomy.    See  Celiotomy. 
Laryngeal  cancer,  complete  laryngectomy  in, 
347.      See    also    Laryngectomy, 
complete, 
diagnosis  of,  348 
Laryngectomy,   complete,  346 
indications  for,  346 

epitheliomatous  growths  in,  348 
laryngeal  cancer  in,  347 

diagnosis  of,  348 
sarcoma  in,  348 
technic  of,  350 

in  single-stage  operation,  351 
in  two-stage  operation,  351 
closure  of  wound  in,  355 
complications  following,  352 
local  infection  in,  352 
mediastinal  abscess  in,  352 
pneumonia  in,  352 
gastrostomy  in,  351 
operative  procedure  in,  353 


Laryngectomy,   technic   of,   in   two  stage  op- 
eration,    tracheotomy    in,    351, 

fixing  of  trachea  In,  353 
packing  in,  353 
partial,  346 

indications  for,  346 
technic  of,  346 
Laryngostomy,  341 
indications  for,  341 
technic  of,  342 
Laryngotomy  by  means  of  a  cutting  dilator, 

341 

through  cricothyroid  membrane,  344 
indications  for,  344 
technic  of,  345 
Larynx,  epitheliomatous  growths  of,  complete 

laryngectomy  in,  348 

sarcoma  of,  complete  laryngectomy  in,  348. 
See  also  Laryngectomy,  com- 
plete. 

Larynx,  operations  on,  339 
epiglottidectomy  in,  339 
indications  for,  339 
results  of,  340 
technic  of,  339 
laryngectomy,  complete,  346 
indications  for,  346 

epitheliomatous  growths  in,  348 
laryngeal  cancer  in,  347 

diagnosis  of,  348 
sarcoma  in,  348 
technic  of,  350 

in  single-stage  operation,  351 
in  two-stage  operation,  351 
closure  of  wound  in,  355 
complications  following,  352 
local  infection  in,  352 
mediastinal  abscess  in,  352 
pneumonia  in,  352 
gastrostomy  in,  351 
operative  procedure  in,  353 
tracheotomy  in,  351,  353 
fixing  of  trachea  in,  353 
packing  in,  353 
partial,  346 

indications  for,  346 
technic  of,  346 
laryngostomy,  341 
indications  for,  341 
technic  of,  342 
laryngotomy  by  means  of  a  cutting  dilator, 

341 

through  cricothyroid  membrane,  344 
indications  for,  344 
technic  of,  345 
on  vocal  cords,  for  removal  of  new  growths, 

340 

by  forceps,  340 
by  galvanocautery,  340 
by  other  methods,  341 
thyrotomy,  342 

indications  for,  342 
technic  of,  343 
Lens  of  eye,  anatomy  of,  22 
capsule  of,  22 
cortex  of,  22 
nucleus  of,  22 
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MophagotoaM,  440 

Lewisohn ' »-- 

technic  of   Italian 

Hasty.  177 
Leysin   sanatoria    for   treatawat   of 

losis  by  heliotherapy,  US 
Ligation    of    blood  rasa*   ia   operate    far 

tTOpaJashakr  goiter  279 
Lingual  k""t-T.  treatmetr 
Lingual  tonsil,  removal  of,  267 
Lipoma    of 

of  floor  of  mouth. 
Lumbar  puncture.  «77 

after  effects  of.  681 

injection  of  drugs  by 

instruments  for,  678 

site  of,  678 

technic  of,  679 

therapeutic  value  of 

Lungs,  abscess  of,  operatioas  for.  539.     fat 
also  imrfrr  Icings,  operatioas  oa. 

actinomycosis  of,  operative  trsataMat  of, 
Ml 

gangrene  of,  operative  trmtmmt  of.  5*9 

open   wounds  of,   operative   treats***!   of. 

resection  of,  552 

subcutaneous  injuries  of,  operative  treat 
ment  of.  535.  &»  aba  oaaVr 

tuberculosis  of,  operative  treatsseat  of. 
542.  Sfr  eiso  aaaVr  Laaga,  op- 
erations oa. 

Lungs,  operations  oa.  535 
•    •        -     ..     • 
acut. 

(•ration  for.  540 
through    eats*    walls    far. 
364 
chronic,  539 

two-stage  operation  far,  59 
healing^*,  following  operatiaa,  540 

1  abscesses.  540 

for  actinomycosis  af  hugs,  542 
for  bronchiectasis,  541 
indications  for,  541 
methods  of  operation  in,  541 
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Lungs,  operations  on,  for  bronchiectasis,  meth- 
ods of  operation  in,  by  combina- 
tion   of    ligation    of    pulmonary 
artery  and  thoracoplasty,  541 
by  interpleural   pneumolysia    (Torek's 

method),  541 

by  ligation  of  pulmonary  artery,  541 
by    production    of    artificial    pneumo- 

thorax,  541 

by  simple  drainage,  541 
by  thoracoplasty,  541 
for  emphysema  of  lungs,  552 
for  gangrene  of  lung,  540 
for  hydatids,  551 

for  open  wounds  of  pleura  and  lung,  537 
for  pneumothorax  and  hemothorax,  538 
for  subcutaneous  injuries,  535 
indications  for,  535 
hemorrhage  in,  535 
pneumothorax  in,  535 
technic  of,  536 
for  tuberculosis  of  lungs,  542 

Freund's  method  of  chondrotomy  of  first 

rib  in,  542 
Friedrich's  method  of  extensive  resection 

of  ribs  in,  543 
dangers  of,  544 
technic  of,  543 

interpleural  pneumolysia  in   (Torek),  548 
dangers  of,  due  to   injury  to  wall  of 

lung  cavity,  549 
illustrative  case  in,  549 
infection  in,  549 

subcutaneous  emphysema  in,  549 
general  considerations  of,  548 
refilling  with  nitrogen  in,  551 
technic  of  operation  in,  548 
value  of,  551 

pneumothorax,  artificial,  in,  545 
apparatus  for,  546 
dangers  of,  547 
nitrogen  used  in,  546 

quantity  of,  548 
technic  of  production  of,  547 
resection  of  diseased  apex  in,  542 
thoracoplasty  in,  two-stage,  544 
technic  of,  544,  545 
Wilms'  method  of,  544 
resection  of  lung,  552 
indications  for,  552 
technic  of,  553 
Lymphangitis,  mild,  of  abdominal  wall,  760 

of  breast,  operative  treatment  of,  631 
Lymphatics,  axillary,  620 
extra-axillary,  621 
of  breast,  618 
cutaneous,  618 
glandular,  618 

other  lymph  channels  in,  619 
of     parietes     and     structures    over    which 

breast  lies,  619 
fascial  lymphatic  plexus,  619 
lymphatics  of  intercostal  muscles,  620 
of  external  oblique  and  rectus  musclee, 

620 

of  internal  intercostal  muscles,  620 
of  pectoral  muscles,  620 
of  serratus  magnus,  620 


MacCormac's  method  of  total  rhinoplasty,  176 
Magnets    for    extraction    of    foreign    bodies 

from  globe  of  eye,  48,  50 
Mamma.     See  Breast. 
Mammilliplasty   for   umbilication   of   nipples, 

628,  629 
von    Mangold's    method    of    rhinomitathesis, 

192 

Mania,  acute,  following  celiotomy,  788 
Manubrium,  osteoplastic  resection  of,  in  an- 
terior mediastinotomy,  556 
Marion's  method  for  exposure  of  heart,  597 
Marple  electric  ophthalmoscope,  11 
-Mastitis,  acute,  operations  for,  630 
in  abscess  of  breast,  631 

complications  of  operations  in,  635 
inframammary,  632 
non-tuberculous  chronic,  635 
retromammary,  632 

operative  treatment  of,  633 

areolar    skin    incision    in     (More- 

stin),  635 
large   anterior   radiating   incisions 

in,  635 

multiple  small  radiating  incisions 
plus  Bier's  hyperemic  treatment 
in,  634 

small    anterior    radiating    incision 
with    drainage    in    thoracomam- 
mary  furrow  (Shield),  633 
supramammary,  631 
in  galactophoritis,  631 
in  gangrenous  cellulitis  of  breast,  636 
in  ligneous  phlegmon  of  breast,  636 
in  lymphangitis  of  breast,  631 
of  general  infection,  630 
of  local  infection,  630 

abortive  treatment  in,  630 
prophylactic  treatment  in,  630 
adolescentium,  operative  treatment  of,  624 
chronic,  treatment  of,  636 
lactation,  operative  treatment  of,  624 
neonatorum,  operative  treatment  of,  623 
Mastodynia,  operative  treatment  of,  627 
Mastoid  operation,  radical,  130 
after-treatment  in,  140 

skin  grafting  in,  140,  141 
anatomical  considerations  in,  131 

canal  for  tensor  tympani  muscle  in,  132 
character  of  bone  in,  131 
eustachian  tube  in,  132 
external  semicircular  canal  in,  132 
facial  nerve  in,  131 
foramen  ovale  and  rotundum  in,  132 
glenoid  fossa  in,  132 
jugular  bulb  in,  132 
lateral  sinus  in,  132 
promontory  in,  132 
tegmen  tympani  in,  133 
complications  following,  142 
indications  for,  130 
injury  to  facial  nerve  in,  140 
prognosis  of,  142 
technic  of,  133 

(1)  incision  in,  133 

(2)  reflections  of  periosteum  and  separa- 

tion of  fibrous  auditory  canal  in, 
133 
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Mastoid    operation,    radical,   technir   of,    (3) 

preliminary     removal     of     boa*  I 
over  outer  wall  of  attic,  antrunt 
and     posterior    canal     wall     in, 
134 

(4)  opening  of  antrum  and  removal  of  j 

mastoid  cells  in,  134 

(5)  removal  of  poHterosuperior  quadrant 

of  bony  canal  wall  in,  1 

(6)  lowering  of  facial  ridge  in,  136 

(7)  removal   of  outer   wall   of   at  in-    m. 

136 

(8)  obliteration    of    hypo  tympanum    in, 

137 

(9)  curettage  of  euatachian  tube  in,  138 

(10)  formation  of  plastic  Hap  in,  139 

(11)  suture  of  posterior  \\iuiiid  in,  139 
Mastoid  operation,  simple,  111 

after-treatment  in,  126 
exposure  of  dura  in,  127 
delayed  healing  in,  127 

bare  or  necrotic  bone  in  mastoid  cavity 

in,  127 
continued   suppuration    in   middle   ear 

in,  127 

general  constitutional  defects  in,  128 
general  considerations  in.  126 

discharge  from  auditory  canal  in,  126 
pain  in,  126 
temperature  in,  126 
packing  and  dressing  in,  126 
wounds  of  dura  in,  127 
wounds  of  sinus  in,  127 
anatomical  considerations  in,  114 
aditus  in,  115 
dura  in,  116 
facial  nerve  in,  116 
horizontal  semicircular  canal  in,  116 
mastoid  antrum  in,  115 
mastoid  cells  in,  117 
sigmoid  sinus  in,  116 
surface  markings  in,  114 
blood-clot  dressing  in,  129 
indications  for,  111 

aural  discharge  in,  112 
complications  in,  114 
constitutional  symptoms  in,  114 
drum  membrane  and  canal  wall  in,  112 
duration  of  symptoms  in,  111 
infection  in,  nature  of,  113 
mastoid  tenderness  in,  113 
temperature  in,  113 
postoperative  complications  in,  128 
prognosis  of,  128 
technic  of,  117 

(1)  incision  in,  117 

(2)  elevation  of  periosteum  in,  118 

(3)  opening  of  antrum  in,  119 
faults  in,  120 

(4)  initial  groove  in,  formation  of,  1! 

(5)  removal  of  mastoid  tip  in,  121 

(6)  removal  of  zygomatic  cells  and  final 

treatment  of  antrum  in,  122 

(7)  sinus  plate  in,  123 

^8)  exposure  of  dura  in,  124 

(9)  exposure  of  sinus  in,  124 

(10)  suture  of  flaps  in,  125 

(11)  packing  of  operative  cavity  in,  U 


PMfcte*  .r  a*4itory 
•ppbtio.  of 
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•  1 


lateral,  615 


Matillary 


ritranaMl.  195 
by  alveolar 

<  'anncM 


oa.  191 


CauldwHI 
nasal.  194 

Vail.  mHJiod  ia.  194.  196 
May  HoU  oprrmtioa  for 
Mayo'.  (Charloa) 


' 


MrBunwry'i  iaHaioa  for  Mj    I  Hi  H^ 


>rUioa  ia, 
i.,.!..-:itionn  for.  7M 
Unrhnir  of.  767 
McO  raw's  mMaod  of 

of  aos»,  1M 


McReynolds'  operation  for  ptorvfios.  m  «aa 
17 


junrtiva.  85- 
McWilliams'  mHhod  of  total 


.  l« 


Mediastinum,    d 

!•,.'  a 
Mediastinum, 


r..*-.-ti..n  "t 

lnnK'itudin»l 
with 

in  its  entire  leagta,  557 
partial.  558 
,,>!.••••  :  i-'       '•  ~    *     • 

*» 

transverse  reseetloa  or,  557 
posterior  iiniillisHattoay,  59 
itions  for.  590 

taekiue  of,  5»      

cervical  iwediasttaowOSBy  ta.  «M 
dorsal  m^liastiaotomy  ia.  5i0 
Meibomian  jflan 

M,  lanosarroma  of  abdosaiaml  wall,  7f5 
Membrana    tympaaL      &**    Tympaai* 

braao. 
Meningitis  flit»ilt  bt«ie, 

for.  677 
tuberculous,  lumbar  puncture  for,  671 
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Mesenteric    thrombosis    following    celiotomy, 

788 

Meteorism  following  celiotomy,  786 
Micromazia,  treatment  of,  622 
.von  Mikuliez  esophagoscope,  428 
gastroscope,  461 
operation  of  myomectomy  for  treatment  of 

wry-neck,  412 
work  of,  on  esophagoscopy,  428 

on  gastroscopy,  461 
Mixter's  method  of  objective  examination  of 

esophagus,  423 
threaded  bougie  method  of  dilating  esopha- 

geal  strictures,  494 

Morestin's    areolar    skin    incision    for    retro- 
mammary      abscess      of      skin, 
635 
operation    for    retromammary    abscess    by 

areolar  skin  incision,  635 
Mouth  gags,  209,  214 
Mouth  openers,  214 
Mouth,  operations  on,  209 
anesthesia  for,  216 

for  extra-oral  operations,  216 
for  intra-oral  operations,  216 
examination  in,  211 

routine  of,  211 
instruments  for  diagnosis  of  conditions  in, 

209-211. 

finger  protectors,  210 
guides,  211 
light,  209 
mouth  gag,  209 
probes,  211 

instruments  used  in,  214-216 
cheek  retractors  in,  215 
for  bone  work,  216 
general,  215 
guides  in,  215 
mouth  gags  in,  214 
mouth  openers  in,  214 
probes  in,  215 
tongue  depressors  in,  215 
tongue  forceps  in,  215 
tongue  tractors  in,  215 
on  floor  of  mouth,  for  removal  of  lipoma, 

246 

on  salivary  glands  and  ducts,  219 
for  abnormally  placed  glands,  219 
for  acute  infections  of  glands,  220 
parotid,  220 
sublingual,  220 
submaxillary,  220 

for  chronic  infections  of  glands,  221 
for  congenital  absence  of  glands,  219 
for  fistulse,  231 
parotid,  231 

of  buccal  portion  of  duct,  231 
external,  231 

end-to-end  suture  of  duct  follow- 
ing, 231 
DeGuise-Pierce-Gould    operation 

for,  232 

Kaufmann's  operation  for,  235 
von  Langenbeck's  operation  for, 

232 

internal,  231 
of  gland  itself,  240 


Mouth,    operations    on    salivary    glands    and 
ducts,  for  fistulse,  of  masseteric 
portion  of  duct,  235 
Braun's  operation  for,  236 
DeGuise  operation  for,  239 
end-to-end  suture  of  ends  of  duct 
in,  235 

after  mobilization  of  distal  por- 
tion of  duct,  235 
Kaufmann's  method  of,  239 
von  Langenbeck's  method  of,  235 
secretion  arrest  of  gland  for,  240 
sublingual,  231 
submaxillary,  231 
for  recent  injuries  to  ducts,  219 
for  recent  injuries  to  glands,  219 
for    removal    of    calculus    of    glands    or 

ducts,  222 
parotid,  224 

from  buccal  portion  of  duct,  224 

from  gland,  225 

from     glandular    portion     of     duct, 

225 

from  masseteric  portion  of  duct,  224 
sublingual,  222 

through    mouth,    by    simple    incision 

over  calculus,  222 

through    mouth,    together   with    sub- 
lingual  gland,  222 
submaxillary,  223 

from  Wharton's  duct,  223 
through  external  route,  223 
together  with  gland,  224 
through  mouth,  223 
through  mouth  together  with  gland, 

223 
for  removal  of  foreign  bodies  in  ducts, 

220 

for  removal  of  tumors  of  glands,  226 
of  parotid,  227 

benign,  enucleation  of,  227 
malignant,      complete     removal     of 

gland  for,  228 
of  sublingual,  226 
of  submaxillary,  226 
on  tongue,  240 
for  angioma,  245 

for  cellulitis  or  acute  abscess,  242 
for  chronic  abscess,  243 
for  chronic  glossitis,  243 

Butlin's  marginal  resection  of  tongue 

in,  243,  244 

for  cysts,  removal  of,  244 
dermoids,  245 
hydatid  cysts,  244 
mucous  cysts,  244 
for  foreign  bodies,  removal  of,  241 
for  forked  tongue,  242 
for  macroglossia,  243 
for  malignant  disease,  247 

anesthesia  for  advanced  cases  of,  251 
removal    of    tongue    through    incision 
under  chin  in  (Billroth's  opera- 
tion), 249 

removal  of  tongue  through  jaw  in,  249 
Labadie's  method  of,  250 
von     Langenbeck-Sedillot     methods, 
modification  of,  249 
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* 


Mouth,  operations  on  tongue  for 

disease,  of    tongue   or 

one   half   of    it    through    mouth 
in      'Wl,it,l,,a,|'.     operation), 

~  t  *^ 
«••-!«.•    Nhape.l       ,..•    ;.-:,,.,       ,,(        s.rv        ,  ;krU 

malignant  growth  In,  247 

for  papilloma,  245 

for     removal      of     tongue,     preliminary 

tracheotomy   in,  246 
for  tongue  tit-.  I'M 
a<-.|iiin-,|. 

eooimite] 

for  tubemilusiH  of  tongue,  primary,  246 

for    tumor,     removal    of     Motion    of,    for 

Miiiiation. 

for  wounds,  incised,  suturing  of,  240 
preparation  for,  HIT 

asepsis  of  month  in.  L'17 
asepsis  of  skin   ami   sulN-utaneous  tissues 
in.  L'ls 

for   prexention    of    inhalation   of   blood   or 

mucus  .luring  operation,  217 
posture  of  patient  in.  217 

Mouth  ami  pharynx,  preparation  for  opera- 
tions on.  L'17 

Muscles  of  abdominal  wall,  rupture  of,  759 
of  eye,  85 

Myeloeele.    728 

Myelomeningoeele,  729 

clinical   picture  of,  730 

diagnosis  of,  737 

etiology  of,  729 

prognosis  of,  741 

site  of,  730 
Myopia,  high,  removal  of  lens  in,  technic  of 

operation  for,  30 

Myositis,   tuberculous   ami    syphilitic,  of  ab- 
dominal wall,  763 
Myringotomy,  97 

anatomical  considerations  in,  98 

anesthetic  in,  99 

dangers  of,  100 

indications  for,  98 

instruments  for,  98 

line  of  incision  in,  99 

preparation  for,  99 

results  in,  101 

Myxoma,  periductal,  of  breast,  operative 
treatment  of,  646 

Nasal  duct,  75 

Nasal  protheses,  193 

Nasal  septum,  operations  for  restoration  of, 

186 
Nausea    and    vomiting    following    celiotomy, 

786 

Neck,  cysts  and  tumors  of,  operations  for. 
See  under  Neck,  operations 
on. 

Neck,  operations  on,  377 
anatomical  considerations  of,  377 
anesthesia  for,  378 
for  boils,  380 
incision  in,  381 

flaxseed  poultice  in,  381 
preparation  for,  381 
phenol  application  in,  380 

MB 


for  bum.  a*f  scars,  37* 
prmaboa  of  - 
Thimrsra    rafta  ia  379 


!-.    ......     •     • 

for  eellulitts,  MS 
la  jrravr 
la  LoUw 
•Hi          . 

for  tvnriral  r,U.  <|o 
daafvr*  of,  411 
toeaaie  of.  411 

beaiffa.40* 
braaeaiaJ  eyat*  mad 
aurirk*.  405 


hygroma  eoltt,  40f 

tayrogiossaJ  ryats  aad  sissasa.  4OS 

teehair  of  operatioa  ia.4OS.4O4 
true  tumors,  4O2 


of  fctawra  ia.  408 
special  features  ia.  407 
structure.   iavoKed   ia,  4O7 
technic  of  operatioa  ia,  408 
"block  .liM^-t  nk>  far 

cer  ia   upper  part  of 
omiary  t«  caarer  ia 
for 

•f 
for     carcinoma     ia 


for  tumor  of 
for    IloUgkin'* 


of,  383,184 

medical  tr.  atmei 
recurrence  followiaf .  384 
aigaa  aad  •ymptona  of,  383 
turgieal  treatmeat  ia,  384 
X-ray  treatmeat  ia.  384 
for  lymphadeaitia,  381 
for  tuberculous  cervical 


heliotherapy  ia,  388 
laryagok>ipaU  trcataMt  ia.  3M 

location  of  soum  of  iaftrtioa  ia. 

removal    of 

• 

medical  or  hygienic  treatawat  ia, 
surgical  treatineat  ia.  391 

advisability  of,  398 

objections  to.  391,  392 

operation  for  tuberraloM  aba* 


ith 


glan.l  in. 

.•;••.' 


cisioa   ia, 

,;.     .' 

in,  392 
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Neck,  operations  on,  for  tuberculous  cervical 
adenitis,   surgical   treatment  in, 
operation  where  a  sinus  leads  to 
a  tuberculous  node  in,  399 
results  of,  400,  401 
summary  of,  401 
tuberculin  treatment  in,  386 
centra-indications  to,  386 
indications  for,  387 
types  of  tuberculosis  causing,  385 
various  forms  of  treatment  in,  385 
X-ray  treatment  in,  387 
for  wry-neck,  412 
acute  cases  of,  412 
congenital  and  painless  cases  of,  412 
after-treatment  in,  413 
muscle  lengthening  in,  413 
myomectomy  in,  412 
open     myotomy     and     fasciotomy     in, 

412 

subcutaneous  tenotomy  in,  412 
instruments  for,  378 
methods  of  surgical  dissection  in,  378 
Needling    for    extraction    of    cataract.      See 

under  Cataract. 
Nelaton's  method  for  repair  of  ala  of  nose, 

183 

operation  of  total  rhinoplasty,  181 
technic   of   Indian   method  of   total   rhino- 
plasty, 175 
Nerves  of  breast,  617 
Neumann  operation  on  labyrinth,   147 
Neuralgia  of  breast,  treatment  of,  628 
Neurosis    of    esophagus,     treatment    of,    by 

esophagoscopy,  456 
Nipples,  anatomy  of,  616 

affections  of,  operations  for,  628 
deformities,   628 

invagination  of  nipples,  628 
small  or  atrophied  nipples,  628 
umbilication  of  nipples,  628 

mammilliplasty  for,  628,  629 
inflammations  of  nipples,  639 
common,  629 
eczema  of  nipple  in,  629 
syphilis  of  nipple  in,  629 
tumors  of  nipple  and  areola,  630 

Paget's  disease  in,  630 
bloody  discharge  from,  627 
supernumerary,  622 

Nitrogen  in  interpleural  pneumolysia,  551 
in    production    of    artificial   pneumothorax, 

546,  548 
Nose,  ala  of,  plastic  operations  for  repair  of, 

183 

artificial,  193 
columna  of,  operations  for  restoration  of, 

186 
hypertrophy  of,  correction  of,  by  rhinomi- 

osis,   188 

loss  of  substance  in,  causes  of,  169 
obliquity  of,  correction  of,  by  rhinothosis, 

188 
saddle,    correction    of,   by   rhinometathesis, 

189 
septum   of,    operations   for   restoration   of, 

186 
tip  of,  operations  for  restoration  of,  187 


Nose,  operations  on,  169 

on  antrum  of  Highmore  or  maxillary  sinus, 

194 
extranasal,  195 

by  alveolar  route,  195 
Canfield-Ballenger  radical  operation  in, 

195,  196 
Cauldwell-Luc     radical     operation     in, 

197 
nasal,  194 

VaiPs  method  in,  194,  195 
on  frontal  sinus,  198 
extranasal,  200 

Beck's  double  osteoplastic  flap  method 

of,  203 

Hajek-Luc  method  of,  205 
Killian's  method  of,  200-202 
Knapp's  method  of,  202 
Kuhnt  's  method  of,  205 
intranasal,  199 

Good's  method  of,  199 
Halle's  method  of,  199 
plastic,  169 
corrective,  187 

rhinometathesis,  189 

mechanical  appliances  in,  189 
operative  procedures  in,  189 
Carter's  method  of,  193 
Finney's  method  of,  192 
Israel's  method  of,  193 
Joseph's  method  of,  193 
Koenig's  method  of,  190 

Israel's  modification  of,  191 
von  Mangold's  method  of,  192 
Kobert's  method  of,  189 
rhinomiosis  in,  188 
rhinothosis  in,  188 
for  partial  restoration  of  nose,  183 
for  repair  of  ala,  183 
Beck's  method  of,  184 
Bryant's  method  of,  185 
Devonvillier 's  method  of,  184 
von  Hacker's  method  of,  183 
Joseph's   method   of,   for    repair   of 

broad  defects,  185 
with     transplantation    of    non-pe- 
dunculated  skin  flaps  taken  from 
nose,  186 

Koenig's  method  of,  184 
von  Langenbeck's  method  for,  183 
Nelaton  's  method  of,  183 
Tunis 's  method  of,  184 
for  restoration  of  columna,  186 
Dieffenbach  's  method  of,  186 
Hueter's  method  of,  187 
von  Langenbeck's  method  of,  187 
McGraw's  method  of,  186 
Eoe's  method  of,  186 
for  restoration  of  nasal  septum,  186 
for  restoration  of  tip  of  nose,  187 
Kolle  's  method  of,  187 
Wolff 's  method  of,  187 
for  total  restoration  of  nose,  169 
finger  method  of,  178 
Baldwin 's  technic  of,  179 
Me  Williams'  technic  of,  180 
French  method  of,  176 
Syme's  technic  of,  176 
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Nose,  operations  on,  plastic,  for  toUl  reform 
tion  of  note,  German  metho 
L80 

Noll;,,,,!,.,-'*  ti-rlmi.'  of,  180 

iMi-il,  's    tn-luur    of,     181 

Inili:ui   MI. -tl.n. I   of. 

•HI  's     I.'.'!,!,!,-    of,    170 
H;'M    t.M'lllll.      ul.     171 

Lexer's  ti-r|,nir  of.  17:t 
Nelaton  's  technic  of 

Schimim-ll.ii*.-!,  'H  t.-.-lmie  of,  172 

lt:ili;ni   riirtlio.l   H|.    176 
Israel  '*  trrlmii-  ot ,    1 7s 
IJ-XIT  V«  trrlmir    of,    177 
MaH'onriac  '*  ti-hnii-   of.    176 
Steinthal'.s  t.vhnir  of,  178 

NeMaton's  operation  in,   IM 

Oophorectomy  in  trratrm-nt  of  inoperable  can 

«-r  of  breast,  872 
ophthalmoscope,  electric,  10 
Optic  foramen 
optic  muscles,  85 
Orbit,  operations  on,  84 
exoneration   of   ornit,   89 

technic  of  operation  in,  89,  90 
incision  of  orbit,  86 
exploratory,  86 

for  cellulitis  or  abscess  of  orbit,  86 
for  foreign  bodies,  87 
for  tumors,  87 
osteoplastic  resection  of  outer  wall  of  orbit 

(Kronlein),  87 
operative  technic  in,  87-89 
surgical  anatomy  of,  84 
external  wall,  85 
floor,  84 

lacrimal  groove,  85 
muscles,  85 
nasal  wall,  84 
optic  foramen,  85 
roof,  84 

sphenoidal  fissure,  85 
sphenomaxillary  fissure,  85 
Osteoplastic  flaps  in  exposure  of  heart  for 

operation,  596 
Osteoplastic  methods  of  opening  spinal  canal, 

692 
Osteoplastic  resection  of  outer  wall  of  orbit, 

87 

Otitis  externa  circumscripta,  101 
Otitis  media,  acute,  myringotomy  in,  98 
chronic,  myringotomy  in,  98 
subacute  catarrhal,  myringotomy  in,  98 

Paget's  disease,  treatment  of,  630 

Pain,  division  of  posterior  spinal  roots  for 

relief  of,  714 
results  of,  718 

technic  of  operation   for.     See  Rhiiotomy 
Palpebral  fissure  of  eyelids,  53 
Panophthalmitis,  enucleation  for,  50 
Papilledema.    See  Choked  disc. 
Paracentesis  of  chest,  525 

dangers  of,  526 

indications  for,  525 

instruments  in,  525 

technic  of,  526 
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of  air, 
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I'aral/ai.  a»4  MfMb  of 


of,  127 

I'arathyruideetomy,  rceaHa  of,  JS9 
Parathyroid*  173 

Parenchyma  of  breast,  sastami  of/ 
Parotid  gland,  arut*  iafartioas  of, 

of  ^«Sal  of  226 

*'  af.m 


•r. 


for,  2O 
Parotid  gland  and  duet, 

of,  224 

from  baeeai  portioa  of  dart,  224 
from  gland,  225 
from  glandular  portion  of  dart,  20 

ffnmm m      mm.  m  M«t«  ft  •     m  •  mil  mm       ~m    Jm^^mmt       ••j 
rasa  maaawne  poruoa  Of  SJBBB^  mm 

fistula?  of,  operatioas  for,  Ol 
of  burc.l  portion  of  duet,  Ol 
external,  Ol 

I  .1"  ' 


far,  23f 

•s  operatioa  far,  232 
internal,  2f  1 
of  gland  itself,  MO 
of  msasetariff  portioa  of  dart,  235 
Braun  *s  operation  for,  236 
DeGuise  operation  for.  239 
end  to  end  suture  of  ends  of 

after  mobiltxatioa  of  distal 

of  duct,  235 
Kauf maaa  *s  method  of,  239 

I  Aageabeck  'a  method  of,  23 
socreuoa  arrest  of  gland  for.  .^ 
Payr's  autoplastic  operatioa  for 
posed  area   followii 
for  carciaosaa  of  broistt'667 
Payr's  button,  for  ••astnaisii  of  osopaafva 

soctioa  far  awft  oanliiait   Tf 
eardta.518 

Pendulous  breast,  operatioas  for,  624 
excision  of  mammary  t 
mmtion  of  a 
fat,  625 

lateral  mastopexy  ia,  625 
mastopexy  ia,  624 
resection  of  breast  ia,  625 
Pericardiectomy,  experimental,  591 


indications  for,  580 
pericardiotomy 
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Pericardiocentesis,    site   of   puncture   in,   581 

technic  of,  582 

Pericardiolysis  for  adherent  pericardium,  587 

Pericardiotomy,    extrapleural   exploratory,   in 

exposure  of  heart  for  operation, 

597,  598 

for  aspiration  of  exudates  in  pericardium, 

583 

for  evacuation  of  purulent  exudate,  583 
resection  of  seventh,  or  sixth  and  seventh 

costal  cartilages  in,  585 
resection  of  sixth  cartilage  in,  584 
in   tuberculous  pericarditis,  586 
operative  procedures  in,  586 
with  drainage,  586 
without  drainage,  587 
indications  for,  583 
methods  of,  583 
results  of,  586 

Pericarditis,    suppurative,    aspiration    of    ex- 
udate in,  579 

tuberculous,  aspiration  of  exudate  in,  586 
operative  procedures  in,  586 
pericardiotomy  with  drainage  in,  586 
pericardiotomy  without  drainage  in,  587 
Pericardium,    adherent,   operations   for.     See 
under    Pericardium,     operations 
on. 
foreign  bodies  in,   operations   for  removal 

of,  590 

wounds  of,  operations  for,  589 
Pericardium,  operations  on,  578 

experimental  pericardiectomy  in,  591 
for  adherent  pericardium,  587 
Brauer's  cardiolysis  in,  587 
results  of,  588 
technic  of,  588 
Delageniere  's  operation  in,  589 

technic  of,  589 
indications  for,  587 
prophylaxis  in,  587 
for  aspiration  or  drainage  of  inflammatory 

exudates,  578 

general  considerations  of,  578 
in  serous  effusions,  579 
in  suppurative  pericarditis,  579 
indications  for  treatment  in,  579 
pericardiocentesis  in,  580 
indications  for,  580 
pericardiotomy  versus,  580 
site  of  puncture  in,  581 
technic  of,  582 
pericardiotomy  in,  583 

for  evacuation  of  purulent  exudate,  583 
resection    of    seventh,    or    sixth    and 

seventh  costal  cartilages  in,  585 
resection  of  sixth  cartilage  in,  584 
in  tuberculous  pericarditis,  586 
operative  procedures  in,  586 
pericardiotomy  with  drainage  in,  586 
pericardiotomy  without  drainage  in, 

587 

indications  for,  583 
methods  of,  583 
results  of,  586 

for  foreign  bodies  in  pericardium,  590 
for  wounds  of  pericardium,  589 
indications  for,  578 


Pericardium  and  heart,  anatomy  of,  571 
chest  wall  in,  576 

relations  of  lungs  to,  577 
relations  of  pleurae  to,  576 
heart  in,  573 
arteries  of,  574 
chambers  of,  574 
nerves  of,  574 
position  of,  573 
structure  of,  574 
veins  of,  574 
pericardium  in,  571 
blood  supply  of,  573 
divisions  of,  573 
layers  of,  572 
ligaments  of,  573 
relations     of     heart    and    pericardium    to 

thoracic  wall  in,  575 
Perimeter,  Schweigger 's,  for  examination  of 

vision,  5,  6 
Peritonitis  following  celiotomy,  788 

protective,  781 
Peritonsillar  abscess,  operative  treatment  of, 

267 
' '  Peroneus   phanomen ' '    in    diagnosis    of    te- 

tania  parathyreopriva,  326 
Perthe's  aspiration  apparatus,  529 
Pfannenstiel's  incision  for  abdominal  opera- 
tions, 771 

Pharyngeal    diverticulum,    operation    for    re- 
moval of,  252 
Pharyngeal  tumor  operation  for  removal  of, 

251 

pedunculated  operation  for  removal  of,  251 
Pharynx,  operations  on,  anesthesia  for,  216 
examination  in,  211 
for  pharyngeal  diverticulum,  252 
for  removal  of  pedunculated  tumor,  251 
for  removal  of  pharyngeal  tumor  with  broad 

base,  251 

for  retropharyngeal  abscess,  252 
instruments  for  diagnosis  of  conditions  in, 

209-211 

instruments  used  in,  214-216 
preparation  for,  217,  218 
Phlebitis  following  celiotomy,  789 
Phlegmon    of    breast,    diffuse,    treatment   of, 

636 

ligneous,  operative  treatment  of,  636 
Pituitary  disease,  relation  of  visual  disturb- 
ances to,  Gushing  on,  9,  10 
Plastic  operations  on  nose.     See  Khinoplasty 
Pleura,    empyema    in,    operations    for.      See 

under  Pleura,  operations  on. 
open  wounds  of,  operative  treatment  of,  537 
Pleura,  operations  on,  523 

anatomical  considerations  in,  523 

for  bleeding  from  intercostal  and  internal 

mammary  arteries,  532 
for  empyema,  527 

bismuth  paste  injections  in,  532 
by  intercostal  thoracotomy,  527 
by  puncture  with  subsequent  drainage, 

527 

indications  for,  527 
technic  of,  527 
by  resection  of  ribs,  527 
anesthesia  in,  527 
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Pleura,  operations  on,  for  empyema,  by  re- 
section of  rib«,  instruments  in, 
527 

technic  of  operation  in,  528 
aspiration   :ij>|i:ir:itiiN  for,  520 
druinau'r  in,  .128 

inn  ing  of  sacs  in,  528 

irrigation  of  cavity  with  solutiona  in, 

5tt 

removal  ni'  pun  in,  528 
combined  methods  in,  (Or  old  empyemata, 

o3 1 
decortication     <>f     lung     in     (Delorme's 

method),  .I.'U 

Estlander's  operation  in,  529 
indications  for,  529 
technic  of,  530 

s.-hfde's  thoracoplasty  operation  i 
s i n leek's  operation  for,  530 
for  new  growths  of  ribh. 
for  tuberculosis  of  ril>.-. 
paracentesis,  525 
<  la  tigers  of,  526 
indications  for,  525 
instruments  in,  525 
technic  ot. 

with  admission  of  air,  526 
without  admission  of  air,  526 
Plummer  threaded  bougie  method  of  dilating 

esophageal  strictures,  494 
of  dilating  esophagus  in  canliospasm,  4.13 
Pneumolysia,    int«-r|.liMir:il,    definition   of,   548 
in   treatment  of  bronchiectasis,  f>  11 
in  treatment  of  tuberculosis  of  lungs,  548 
dangers  of,  due  to  injury  to  wall  of  lung 

cavity,  549 

illustrative  case  in,  549 
infection  in,  549 
subcutaneous  emphysema  in,  549 
general  considerations  of,  548 
refilling  with  nitrogen  in.  551 
technic  of  operation  in,  548 
value  of,  551 
Pneumonia  following  celiotomy,  788 

following  complete  laryngectomy,  352 
Pneumothorax,  504 

collapse  of  lung  in,  504 

diminished  diastolic  expansion  of  heart  in, 

505 

displacement  of  mediastinum  in,  505 
' « mediastinal  fluttering ' '  in,  505 
operations  on  lungs  for,  538 

in  subcutaneous  injuries  of  chest,  535 
overcoming  dangers  of,  by  differential  prea- 

sure,  506 

Bauer's  method  of,  507 
Sauerbruch  's  method  of,  506 
by  intratracheal  insufflation,  507 
in  absence  of  apparatus,  506 
Pneumothorax,    artificial,    production    of,    in 
treatment  of  bronchiectasis.  ."II 
in  treatment  of  tuberculosis  of  lungs,  545 
apparatus  for,  .146 
dangers  of,  547 
nitrogen  used  in,  546 

quantity  of,  548 
technic  of  production  of.  "»; 
Polymazia,  operative  treatment  of,  622 
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ttoM,  til,  215 
in  terrimaJ  apparataM,  76 
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728 

f,  736 
partial,  728 
prognoaiii  of,  7  II 
total.  728 
Radium    therapy    for 

brea«t,673 

for  inoperable  sirriOMi  of 
for  kt-lo.d  ,,t  bret«t,6U 
for  malignant  new  growtKa  of 


674 


in  treatment  of  rtrabiaMoa.  40 


technic  of,  4  ) 
Rehn's  eztrapleural  mrtho.1   for 


•hod  of  dorsal 
Respiration,  retrogi 


for,  554 

following  eeliotoay,  7W 
extreme,  788 

a,  anatomy  of,  22 
examination  of.    Srt  Viaioo. 
Retrograde  respiration,  posiottor  bnweij 

for.  554 

Hetrophanrngeal  abseesa,  operation  for, 
Rewidzoff'**  gastroarop*.  463 
Khinometathesis,  189 
mechanical  appliance*  in.  189 
operative  procedures  in,  189 

OfcHV*!    rr,-tln,d    ,,f.    193 

Finney's  methcxl  of.  192 

Israel*'*  metho.1  of 

Joseph's  method  of.  193 

Koenig's  metho.1  of.  190 
Israel  'ft  nullification  of.  191 

von  Mangold's  method  of.  192 

Robert's  method  of,  189 
Rhinomioais,  188 
Rhinoplasty.  169 
eorrevti\r.    \*~ 

r)n.H..ncUtbeaia  in,  189.    See  also 


rhinomiosis  in,  188 
rhinothosis  in,  188 
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Rhinoplasty,  partial,  183 
for  repair  of  ala,  183 
Beck's  method  of,  184 
Bryant's  method  of,  185 
Devonvillier  's  method  of,  184 
von  Hacker's  method  of,  183 
Joseph 's  method  of,  for  repair  of  broad 

defects,  185 

with  transplantation  of  non-peduncu- 
lated  skin  flaps  taken  from  nose, 
185 

Koenig's  method  of,  184 
von  Langenbeck 's  method  for,  183 
Nelaton's  method  of,  183 
Tunis 's  method  of,  184 
for  restoration  of  columna,  186 
Dieff enbach  'a  method  of,  186 
Hueter  's  method  of,  187 
von  Langenbeck 's  method  of,  187 
McGraw's  method  of,  186 
Roe's  method  of,  186 
for  restoration  of  nasal  septum,  186 
for  restoration  of  tip  of  nose,  187 
Kolle  's  method  of,  187 
Wolff's  method  of,  187 
Khinoplasty,  total,  169 
finger  method  of,  178 
Baldwin 's  technic  of,  179 
McWilliams'  technic  of,  180 
French  method  of,  176 

Syme's  technic  of,  176 
German  method  of,  180 

Hollander's  technic  of,  180 
Eosenstein's  technic  of,  181 
Indian  method  of,  170 
Keegan's  technic  of,  170 
Koenig's  technic  of,  171 
Lexer's  technic  of,  173 
Nelaton's  technic  of,  175 
Schimmelbusch 's  technic  of,  172 
Italian  method  of,  176 
Israel's  technic  of,  178 
Lexer's  technic  of,  177 
MacCormac's  technic  of,  176 
Steinthal's  technic  of,  178 
Nelaton's  operation  in,  181 
Rhinothosis,  188 
Khizotomy,  714 

after-treatment  of,  718 
Guleeke's  method  of,  719 
indications  for,  714 

for  relief  of  gastric  crises  of  tabes,  715 
of  pain,  714 
of  spasticity,  714 
results  of,  719 

in  relief  of  gastric  crises  of  tabes,  718 
of  pain,  718 
of  spasticity,  718 
roots  to  be  divided  in,  715 
Stoeffel's  method  of,  719 
technic  of  operation  in,  717 
Bib    retractor,   Sauerbruch    and    Schumacher, 

595 

Rib  spreader,  Torek's,  510 
Ribs,   new   growths  of,   operations  on  pleura 

in,  533 

resection  of,  extensive,  in  operative  treat- 
ment of  tuberculosis  of  lungs,  543 


Ribs,    resection    of,    extensive,    in    operative 
treatment     of     tuberculosis     of 
lungs,  dangers  of,  544 
technic  of,  543 

in  treatment  of  empyema  of  pleural  cav- 
ity, 527 

anesthesia  in,  527 
instruments  in,  527 
technic  of  operation  in,  528 
aspiration  apparatus  for,  529 
drainage  in,  528 
incision    and    opening    of    sacs    in, 

528 
irrigation  of  cavity  with  solutions  in, 

529 

removal  of  pus  in,  528 
tuberculosis    of,    operations    on    pleura   in, 

534 

Ring  cataract  mask,  34 
Ring-like  stenosis  of  esophagus,  447 
Robert's  method  of  rhinometathesis,   189 
Robson's,  A.  W.  Mayo-,  incision  for  exposure 

of  gall-bladder  and  ducts,  770 
Roe's  method  of  restoration  of   columna  of 

nose,  186 

Rollier's  treatment  of  tuberculosis  by  helio- 
therapy, 388 
Rosenheim's  indirect  optical  gastroscope,  463 

work  on  esophagoscopy,  429 
Rosenstein's   operation   in    total   rhinoplasty, 

181 
Rumpel's  method  of  objective  examination  of 

esophagus,  422 
Rupture  of  muscles  of  abdominal  wall,  759 

Saddle  nose,  correction  of,  by  rhinometathesis, 

189 
Saemisch  incision  of  cornea  in  corneal  ulcer, 

23 
Salivary  ducts,  foreign  bodies  in,  removal  of, 

220 

recent  injuries  of,  treatment  of,  219 
Salivary  glands,  abnormally  placed,  treatment 

of,  219 

acute  infections  of,  treatment  of,  220 
of  parotid  gland,  220 
of  sublingual  gland,  220 
of  submaxillary  gland,  220 
chronic  infections  of,  treatment  of,  221 
congenital  absence  of,  219 
recent  injuries  of,  treatment  of,  219 
Salivary    glands   and    ducts,   calculus   of,   re- 
moval of,  222 
parotid,  224 

from  buccal  portion  of  duct,  224 
from  gland,  225 

from  glandular  portion  of  duct,  225 
from  masseteric  portion  of  duct,  224 
sublingual,  222 

through  mouth,  by  simple  incision  over 

calculus,  222 

together  with  sublingual  gland,  222 
submaxillary,  223 

from  Wharton's  duct,  223 
through  external  route,  223 

together  with  gland,  224 
through  mouth,  223 

together  with  gland,  223 


I  M 


-    • 


Salivary  glands  ami  duct*,  fistuto  of,  opera 

-  for.  -J.U 
of  paroti.l,  L.MI 

of  buccal  portion  of  dtirt,  881 
external.   881 

rii'l  to  i  ml   miture  of  duct   follow 
lag. 

I  '  •   Could         operation 

for, 

.imaiin's  operation  f.,r.  285 
von    Langenbeck's  operation    for, 

232 

of  gland   its,. It 

Of  massctrric  portion  of  duct,  885 

Braun's  operation  for.  236 

1 1,  i , 

end  to  ctnl  suture  of  ends  of  duct  in. 

after    m..l.ili/.ation    of    distal    por- 
tion  of  duct, 

Kaiil'mann's  nu-thod  of.  239 
von  Langenlwck '»  method  oi 
secretion  arrvst  of  gland  for,  240 
sublingual,  231 
Bubmaxillary,  L'.".  1 
tumors  of,  removal  of,  226 
of  parotid,  227 

benign.  tMiurlration  of,  227 
malignant,   complete   removal  of  gland 

for,  228 

of  sublingual,  226 
of  submaxillary,  226 
Sarcoma  of  abdominal  wall,  765 

of    breast,    inoperable,    Coley's    toxins    in, 

674 

radium  and  X-ray  therapy  of,  674 
operations  for,  646 

exploratory  operations  in,  647 
two-stage  operation  in,  647 
of  larynx,  complete  laryngectomy  in,  348. 
See    also    Laryngectomy,    com- 
plete. 

of  thyroid  gland,  319 

Sauerbruch's   imagination    method   of   resec- 
tion of  esophagus  for  carcinoma 
of  the  cardia,  518 
longitudinal  im-diastinotomy,  557 
longitudinal  mediastinotomy  combined  \\ith 
transverse   division   of   sternum, 
558 

method  of  differential  pressure  to  over- 
come dangers  of  pneumothorax, 
506 

operation  for  carcinomata  of  upper  part 
of  esophagus  by  resection 
through  first,  second  and  third 
ribs,  520 

operation  for  large  carcinomata  of  the  car- 
dia by  intrathoracic  resection  of 
tumor  and  anastomosis  of  esoph- 
agus and  stomach  by  a  button, 
518 
Schede's  thoracoplasty  operation  for  empy- 

ema  of  pleural  cavity,  530 
Schimmelbusch  's  method  of  total  rhinoplasty, 

172 
Schiotz  tonometer,  3,  37 


Heaweifgar'b 
Helera  (or  sclerotic'  eoat )  of  eye, 
small  penetrating  wsMiti  of, 
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W 
SkieJd'.  oprmtio.  for 

of 
operatkm    for 


*  ith    drainage    ia 
mary  furrow,  688 
Sigraoid  and   lateral 

thrombosis,  140' 
indications  for,  150 
indication*    for 

jugular  rets  in.  151 
jugular  bulb  operations  in.  l.'l 
ligation  and  resection  of 

r.  ia,  156 

contra  indications  to,  157 
indications  for.  156 
twhr  :  159 

surgical  anatomy  ia,  149 
technic  of 

mastoid  operation  in,  158 

(1)  prolongation  of 

1 "._' 

(2)  preliminary 

in.  Lfl 

(3)  removal  of  boae  orer  posterior  port 

of  sinus  plate  in.  158 

(4)  removal  of  sinus  plate  ia.  158 

(5)  placement  of  iodofono  ptegs  ia,  15« 

(6)  opening  of  sinus  in. 

(7)  packing  of  sians  aad  application  of 

dreaaiBgin,  156 

Sinusea.     See  **dtr  tkrtr  tprcial 
Skin   grafting  following  radical 

eration.  14".  141 

for  treatment  of  cicatricial  ectropioo,  63 
Sleeplessness,  followiag  osHotoanr,  1 89 
Slu.lor  method  of  tonsifcrtoaiy.  861 
Squint.    See 
Sn.dlen  letters  in 
Sm-llor's  operation  in 

entropion.  65 
Sounds,  for  examination  of 


Spastic  entropion,  64.    Set  olso 

pion. 
Spastirity.  dnixion  of  poaterkw 

for  relief  of. 
results  of,  718 
Stoeffel'.  method  of.  719 
technic    of    operation    for. 

rhiJtotomy  in. 
Speculum,  ear,  94 
Sphenoidal  fissure.  85 
Sphenomaxillary  fissure,  85 


8p*»a, 
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Spina  bifida,  723 

clinical  picture  of,  723,  724 
definition  of,  723 
diagnosis  of,  736 
differential,  736 
in  meningocele,  738 
in  meningomyelocele,  737 
in  rachischisis,  736 
in  spina  bifida  anterior,  739 
in  spina  bifida  occulta,  738 
in  syringomyelocele,  737 
symptoms  common  to  all  forms  in,  736 
etiology  of,  724 

amniotic  adhesions  in,  725 

kyphosis  of  fetal  spine  in,  725 

lack  of  development  of  laminae  in,  725 

embryology  of  spine  in,  725 
tumor  of  central  canal  of  cord  in,  725 
general  considerations  of,  723 
mortality  in,   723 
prognosis  of,  740 

in  myelomeningpcele,  741 
in  rachischisis,  741 
in  spina  bifida  anterior,  744 
in  spina  bifida  occulta,  743 
in  spinal  meningocele,  742 
in  syringomyelocele,  742 
summary  of,  757 
treatment  of,  744 
non-operative,  744 
aspiration  in,  745 
injection  of  sac  in,  744 
operative,  745 

after-treatment  in,  752 
causes  of  death  in,  747 
essential  points  of,  747 
general  considerations  of,  745 
in  spina  bifida  occulta,  752 
of  complications,  754 
preparation  of  patient  in,  747 
technic  of  operation  in,  747 
varieties  of,  728 

myelomeningocele,  729 
clinical  picture  of,  730 
etiology  of,  729 
site  of,  730 
rachischisis,  728 
partial,  728 
total,  728 

spina  bifida  anterior,  735 
spina  bifida  occulta,  732 
spinal  meningocele,  732 
syringomyelocele,  731 
Spina  bifida  anterior,  735 
clinical  picture  of,  735 
complications  of,  735 
diagnosis  of,  739 
prognosis  of,  744 
Spina  bifida  occulta,  732 
clinical  picture  of,  732 
diagnosis  of,  738 
nerve  involvement  in,  734 
occurrence  of,  733 
operative  treatment  of,  752 
prognosis  of,  734,  743 
Spinal  canal,  opening  of,  by  hemilaminectomy, 

692 
by  osteoplastic  methods,  692 


Spinal  meningocele,  732 
diagnosis  of,  738 
prognosis  of,  742 
Spine,  embryology  of,  725 

fractures  of,  operative  treatment  of,  710 
in  old  fractures,  712 
in  recent  fractures,  710 
centra-indications  to,  711 
indications  for,  711 
preliminary  treatment  of,   710 
technic  of  operation  in,  712 
results  of,  713 
hemilaminectomy  in,  for  opening  of  spinal 

canal,  692 

injuries  to,  gene  -al  considerations  of,  709 
rupture    of    ligaments    of,    operative    treat- 
ment of,  710 
Spine,  laminectomy  in,  682 

anatomy  of  spinal  canal  in  relation  to,  682 
anesthesia  in,  686 
conditions  requiring,  719 
dangers  and  difficulties  of,  693 
abdominal  distentions  in,  693 
bladder  disturbances  in,  693 
leakage  of  cerebrospinal  fluid  in,  693 
for  tumor  of  spinal  column  and  cord,  696 
division   of   anterolateral  tracts  of   cord 

in,  697 

general  considerations  of,  696 
in  extradural  tumors,  698 
in  intradural  growths,  698 
general  technic  of,  698 
special  procedures  at  different  levels  of 

cord  in,  701 

in  intramedullary  tumors,  702 
aspiration  of  cord  in,  703 
failure  to  find  growth  in,  708 
incision  of  cord  in,  704 
recognition  of  tumor  in,  702 
removal  of  growth  in,  705 

extrusion  of  tumor  in,  705 
results  of  surgical  treatment  in,  709 
functions  of  spinal  column  after,  695 
mortality  of  operation  of,  696 
normal  appearance  of  spinal  cord  in,  694 
position  of  patient  in,  685 
recognition  of  spinal  lesions  in,  694 
technic  of  operation  in,  687 

(1)  incision,  687 

(2)  division    of    interspinous    ligaments, 

688 

(3)  removal  of  spinous  processes,  689 

(4)  removal  of  laminas,  689 

(5)  control  of  bleeding,  690 

(6)  incision  of  dura,  690 

(7)  closing  of  dura,  691 

(8)  closing  of  wound,  691 

two- stage    operations    in,    indications    for, 

695 
Spine,  lumbar  puncture  in,  677 

after-effects  of,  681 

injection  of  drugs  by  means  of,  680 

instruments  for,  678 

site  of,  678 

technic  of,  679 

therapeutic  value  of,  677 

Spine,  osteoplastic  operations  on,  for  opening 
spinal  canal,  692 
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Spine,  rhi/.otoiny   in,  or  'interior  of 

H|iin:il   n.  71  I 

after  tre.-itmriit    in.    71- 

(inlrrke's  method  of,  719 
indications   tor,    7  1  I 

for  relief  nf  -;  -eg  of  tabea,  715 

of  pain.  71  J 
Of  Hpasti.-ity,   71  J 
results  of,  718 

lief  of  gastric  criaea  of  tabea,  718 
of  p:iin,  71^ 
Of  Hpasti.-ity,  718 
roots  to  be  <li\  id«-d   in,  7 I."* 
Stoeffel's  method  of,  7I'.» 
terhnic  of  operation  in,  717 
Spon^rs,    mastoid,    S 
Stcinthal's    method    of    total    rhinopliiMt 

Stenosis  of  esophagi*,  benign  eieal 

appea  ranee    of,     through    CHOphagoscope, 

438 

etiology  of,  -i:'.7 

mortality    \\ithont   esophagoscopy   in.    I •'•!• 
treatment  of,  through  rsoplia-. 
conclusions  from,    J  J'J 
in   stenosis    requiring    dilatation    only, 

in  stenosis  requiring  gastrostomy.   Ill 
in    stenosis    requiring    intra  esophageal 

operative    proerdur • 
internal  esopha^otoniy   in.    tin 
intra  esopha^eal  electrolysis  in.    Ill 
congenital,  diagnosis  and   treatment  of,  by 

esophagoscopy,   t  \- 
rin^-like,  447 
Sternum,  resection  of,  in  anterior  mediastino- 

tomy,  .",:•••. 

longitudinal,  combined  with  transverse  di- 
vision, 559 

in  its  entire  length,  557 
partial,  558 
transverse,  557 
osteoplastic,  of  manubrium  in 
Stoeffel's    method    of    division    of    posterior 
spinal    roots    for    treatment    of 
spasticity,  719 
Stoerk's  esophagoscope,  427 
Stomach,  cancer  and  ulcer  of,  diagnosis  of,  by 

gastroscopy,  473 
appearances  in,  473 
microscopic   examination  of  portions  in, 

474 
examination    of,    with    gastroscope.      See 

Gastroscopy. 
normal,    appearances    of,    in    gastroscopy, 

471 
pathological  conditions  within,  diagnosis  of, 

by  gastroscopy.  171 

X-ray  and  gastroscopy  diagnosis  of  dis- 
eases of,  combined,  value  of, 
476 

comparative  value  of,  474 
Strabismus,  40 

Reese  resection  in  treatment  of,  40 

technic  of,  41-43 
tenotomy  in,  43 

technic  of,  43,  44 

Strauss 's  method  of  objective  examination  of 
esophagus,  422 


...  .  .  .    . 


of.  by  to 


external.  409 

Strumiti.,  .116 


• 


•r. 


Of.    1^ 


of.  289 

of,  removal  of,  296 
gland   and   dort, 

•oral  of,  228 

...       . 


through 


flutiihr  of,  treatment  of,  231 
Submaxillary  gland,  arute  iafertioaa  of, 

tu  mora  of,  removal  of.  228 
Sul.maxillary  gland  and  -lurt.  eaJrahm  of,  re 

•oral  of,  888 
from  Wharton '•  durt.  223 
through  external 
liUpjilaoi  with 
through  mouth, 
together  with 

fistula?  of,  treatment  of,  231 
Sud.rk's  operation   for  tmpyema  of 

ivity,  JBO^ 
Sun  treatment  for  tuberculoua  ueiiical  aoflav 

Kupramammary  abeeeaa,  631 

nann  'a  gaatroacope,  466,  448 
Symblepharon,  71 

May  Hotx  operation  for.  71 
Syme's  method  of  total  rhiaoplaaty.  176 
Sympathectomy  in  exophthalmic  goiter,  888 
Syphilis  of  breast,  treatment  of,  637 
Syphilitic  myositia  of  abdomen,  763 
Syringing  of  ear,  93 
Sy  ringoroyeloeala,  731 

diagnosis  of. 

prognosis  of,  742 

Tabea,  gastric  criaea  of,  diriaioa  of  pagHriir 
spinal  root*  for  relief  of.  714 

results  of 

tei-hnir  of  operation  for. 
Tanaley  Hunt  operatioa  for  ptoaia  of 

Taraorrhaphy  in  treatmeat  of  rkatrkial  ear 

t     nion   66  67 
Tarsua,  rejection  of /for  ptoaia  of  eirettd,  68 

technic  of.  69 
Tattooing  of  cornea  la 

-uments  in,  24 
operation  in,  24 

Telescope,  indirect,  in  . 

Tenon  *s  capsule  of  eye,  anatomy  of,  22 
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Tenotomy  in  correction  of  strabismus,  43 
Tetania  parathyreopriva,  319 
course  of,  326 
diagnostic  tests  of,  323 
arm  test  in,  325 
Chvostek's  test  in,  326 
Erb  's  test  in,  323 
Hoffman 's  test  in,  326 
leg  phenomenon  in,  325 
peroneal  nerve  test  in,  326 
tongue  test  in,  326 
Trousseau's  sign  in,  325 
etiology  of,  319 
general  considerations  of,  319 
illustrative  cases  of,  321 
Case  I,  321 
Case  II,  322 
parathyroid   transplantation  for,  322,   323, 

326 

general  principles  of,  326 
results  of,  327 
technic  of,  327 
symptoms  of,  321,  322 
Thiersch  grafts  for  burns,  379 
Thomas  semilunar  thoracomammary  incision, 

639 

Thoracic  operations,  anesthesia  in,  507 
general  considerations  of,  504 
general  technic  of,  507 
pneumothorax  in,  504 
collapse  of  lung  in,  504 
diminished   diastolic   expansion   of   heart 

in,  505 

displacement  of  mediastinum  in,  505 
' ' mediastinal  fluttering"  in,  505 
overcoming    dangers    of,    by    differential 

pressure,  506 
Bauer's  method  of,  507 
Sauerbruch  's  method  of,  506 
by  intratracheal  insufflation,  507 
in  absence  of  apparatus,  506 
preparation  of  patient  for,  507 
Thoracoplasty,  in  treatment  of  bronchiectasis, 

541 

combined  with  ligation  of  pulmonary  ar- 
tery, 541 

two-stage,  in  operative  treatment  of  tuber- 
culosis of  lungs,  544 
technic  of,  544,  545 
Wilms'  method  of,  544 
Thoracotomy,    intercostal,    for    treatment    of 

empyema  of  pleura,  527 
Thrombosis,   mesenteric,  following  celiotomy. 

788 

of  sigmoid  and  lateral  sinus,  surgical 
treatment  of,  149-159.  See 
also  under  Sigmoid  and  lateral 
sinus. 

Thymectomy  in  exophthalmic  goiter,  281 
Thyroglossal     cysts     and     sinuses,     operative 

treatment  of,  403 
technic  of,  403,  404 

Thyroid  and  parathyroid  secretion,  deficiency 
of,  319.  See  also  Tetania  para- 
thyreopriva and  Cachexia  strumi- 
priva. 

Thyroid  extract,  administration  of,  com- 
bined with  X-ray  treatment  of 


operative  area,  following  op- 
erations for  cancer  of  breast, 
669 

Thyroid  gland,  operations  on,  269 
anatomical  considerations  in,  269 
the  parathyroid  bodies,  273 
the  thyroid,  269 

anatomical  relations  of,  272 
anomalies  of,  273 

accessory  thyroids  in,  273 
arteries  of,  270 
blood  supply  of,  270 
capsules  of,  272 
development  of,  269 
general  characteristics  of,  270 
lymphatics  of,  271 
nerve  supply  of,  272 
veins  of,  271 

for  accessory  or  aberrant  thyroids,  313 
intrathoracic,  314 

treatment  of,  314,  315 
lateral,  315 
lingual,  313 

operation  for,  314 
external,  314 
internal,  314 

for  deficiency  of  thyroid  and  parathyroid 
secretion:  tetania  parathyreo- 
priva and  cachexia  strumipriva, 
319 

cachexia  strumipriva  in,  319 
etiology  of,  320 
general  considerations  of,  319 
transplantation  of  thyroid  for,  329 
tetany  in,  course  of,  326 
diagnostic  tests  of,  323 
arm  test  in,  325 
Chvostek  's  test  in,  326 
Erb's  test  in,  323 
Hoffman's  test  in,  326 
leg  phenomenon  in,  325 
peroneal  nerve  test  in,  326 
tongue  test  in,  326 
Trousseau's  sign  in,  325 
etiology  of,  319 
illustrative  cases  of,  321 
Case  I,  321 
Case  II,  322 
parathyroid    transplantation    for,    322, 

323,  326 

general  principles  of,  326 
results  of,  327 
technic  of,  327 
symptoms  of,  321,  322 
for  exophthalmic  goiter,  275 
anesthesia  in,  283 

Crile's    method    in    administration    of, 

284 

general,  284 

intratracheal  insufflation,  284 
local,  285 
rectal,  284 
contra-indications  to  operation  in,  278 

summary  of,  282 
general  considerations  of,  275 
indications  for  operation  in,  276 

summary  of,  282 
non-operative  treatment  in,  278 
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Thyroid  gland,  operations  OB,  for  eiophUtal 
"ii<  k'oiter,  operative  procedure* 
in,  27i» 

choice  of. 

inject...,^  int..  -Ian, I  .„,  282 

ttgatkn  "f  \,-SH,.|.,  in. 

partial    tl.vn,i,|,-,-t,,.ri>    in,  280 
syuipathectomy  in,  282 
thyiiir.-t..rn\    ui,  281 
postoperative  care  in,  285 
postoperative  results  in,  286 
functional,  287 
mortality  in,  286 
symptoms  of,  275 

for  hyperthyroi.lism  or  thyrotoxiogta,  275 
for  inflammations  i.f  ||,\ 
in  acute  thyroiditiv 

treatment  of, 
in  chronic  thyn.i.litis.  :\\i] 
in  struniitis,  316 
for  lesions  of   parathyroids.  329 
for  malignant  growths  ot   thyroid,  317 
carcinoma.  ."•  i . 

clinical  char..  of,  317 

operative  trratmmt  of,  318 
palliative  treatment  of,  318 
prognosis  of,  318 
symptoms  and  diagnosis  of,  318 
sarcoma,  319 
for  simple  goiter,  289 
centra-indications  to,  290 
indications  for,  289 

abnormally  situated  goiter,  289 
deformity  or  discomfort.  289 
pressure  disturbances,  290 
suspicion  of  malignancy,  289 
symptoms  of  toxemia,  290 
medical  treatment  vs.  operative  treatment 

in,  290 

operative  procedures  in,  290 
choice  of,  293 

displacement  or  dislocation  in,  292 
enucleation  of  tumors  in,  291 
enucleation  with  excision  in,  292 
enucleation  with  resection  in,  292 
excision  in,  291 
incision  of  cysts  and  exenteration  in, 

292 

isthmectomy  in,  292 
obsolete  methods  in,  293 
resection  in,  291 
resection  with  excision  in,  292 
tracheotomy  in,  292 
results  of  operations  in,  293 
mortality  in,  293 

postoperative  complications  in,  293 
relief  of  symptoms  in,  294 
for  tuberculosis  of  thyroid,  316 
treatment  of,  317 
types  of,  316 

technic   of,    for    exophthalmic    and    simple 
goiter,  294 

excision  or  extirpation  of  one 
lobe  or  one  lobe  and  isthmus  in, 
297 

closure  of  wound  in,  305 
drainage  in,  305 
incision  in,  297 


Thyroid  glaad, 


312 

*«.     -*"• 

hifatioi,  of  mferfor  thyroid  ai 
•aterior  operatioa  i».  100 
poftonoi  operation  ia ,  311 


la,  166 

traaiphiaUtiun  of  thyroid, 

Thyroid  traovplaatatkm,  228 

for  carhnta  •tnt»iDrirm. 

for 


' 


Thyroideetomy,  partial,  i. 

remit*  of,  319,  320 
Thyrotditia,  treat  meat  of,  316 

•cute,  316 

chronic,  316 
Thyroid*,  aeceaaory  or  abrrraat,  273,  313 

op.-rat:or..   ..•..       '. 
intrathorn.  ...  314 

treatment  of,  314,  315 
lateral,  :n:. 
lingual.  :ti:i 

technic  of,  operatioa  for,  314 
external,  314 
nal,  314 
Thyrotomy 

:ition>  for,  342 
• 

Thyrotoxio.i«,  treatmrot  of,  275 
TiegePt   button,    for   aaaatomnb  *f  « 
•gua  aad  •tomarh  in 
aefe  roiertiiia  for  lanrc 
maU  of  rardia.  51».  51 
method  of  draining  pleura  aad 

9J1 
Tongue,  malignant  diae«ae  of, 

247 

aneathoaia  for  adraac«d  caaw  of,  251 
removal  of  tongue  or  one  half  of  it 

mouth  in.  248 
removal  of  toague  through  iBciaioai 

chin  V  249 

removal  of  tongue  through  Jaw  ia, 
Labadie's  mrtho.1  of,  250 
von  Langentierk  Sedillot  method.  B 

in,  240 
wedge  shaped  exciakw  of  vary  «uiy 


for, 


it  growth  r 

i  1 1 


MfM  aapra 

Tongue  forrep*. 

Tongue  tractor*.  215 

Tonometer,  Sch 

Tonsil,  lingual,  removal  of,  287 

ToBBillertomy.  254 

after  treatment  in,  266 

anatomical  conaideratioB*  of,  254 

aneathesia  for,  257 

complication*  of.  263 

contra  indication*  to,  254 

danger*  of.  263 

indication*  for,  254 

inatrurnenU  for,  256 
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Tonsillectomy,  position  of  patient  in,  257 
results  of,  263 
immediate,  263 
remote,  264 
technic  of,  257 

instrumental  dissection  in,  262 
Mathew's  finger  enucleation  in,  257 

advantages  of,  261 
Sluder  method  of,  261 
Tonsils,  operations  on,  253 
after-treatment  in,  266 
for  peritonsillar  abscess,  267 
for  removal  of  adenoids,  264 

anatomical  considerations  of,  264 
complications  of,  266 
dangers  of,  265 
indications  for,  264 
instruments  in,  264 
results  of,  266 
teehnic  of,  265 

for  removal  of  lingual  tonsil,  267 
general  considerations  of,  253 
tonsillectomy,  254.     See  also  Tonsillectomy. 
Torek's  needle  holder,  510 

method     of     interpleural     pneumolysia     in 

treatment  of  bronchiectasis,  541 

in  treatment  of  tuberculosis  of  lungs,  548 

operation    of    resection    of    esophagus    for 

carcinoma    in    thoracic    portion, 

510 

rib  spreader,  510 

Trachea,  foreign  bodies  in,  removal  of,  371 
complications  in,  372 
procedures  in,  371 
Trachea,  operations  on,  356 
ablation  of  trachea,  359 
bronchoscopy,  366 
general  rules  of,  370 
instruments  used  in,  366 
technic  of,  367 

in  lower  bronchoscopy,  367,  368 
in  upper  tracheobronchoscopy,  369 
anesthesia  in,  369 
passing  of  instrument  in,  369 
removal  of  foreign  body  in,  370 
through  tracheotomy  wound,  367,  368 
bronchotomy  through  chest  wall,  362 
differential  pressure  in,  363 
for  lung  abscess  or  bronchiectasis,  364 
for  removal  of  foreign  body,  363 
method  of  procedure  in,  363 
site  of  thoracic  incision  in,  364 
indications  for,  362 

bronchotomy    through    posterior    mediasti- 
num, 359 

indications  for,  359 
technic  of,  360 

in  left  posterior  bronchotomy,  362 
in  right  posterior  bronchotomy,  360 
for  removal  of  foreign  bodies  in  trachea  or 

bronchi,  371 
complications  in,  372 
procedures  in,  371 
intubation,  364 

indications  for,  364 
removal  of  cannula  in,  365 
technic  of,  365 
tracheotomy,  356.    See  also  Tracheotomy. 


Tracheobronchoscopy,  upper,  technic  of,  369 
anesthesia  in,  369 
passing  of  instrument  in,  369 
removal  of  foreign  body  in,  370 
Tracheotomy,  356 

after-treatment  in,  358 
complications  of,  358 
for  simple  goiter,  292 
general  considerations  of,  357 
indications  for,  356 
high,  356 
in  diphtheria,  356 
low,  356 
preliminary  to  complete  laryngectomy,  351, 

353 

fixing  of  trachea  in,  353 
packing  in,  353 
technic  of,  357 
Trachoma,    scarification    and    expression    in, 

57 

Transilluminator,  4 

Trendelenburg  's  operation  for  removal  of  pul- 
monary emboli,  608 
general  considerations  of,  608 
technic  of,  609 

Trichiasis,  Snellen's  operation  for,  65 
Trousseau  's  sign  in  diagnosis  of  tetania  para- 

thyreopriva,  325 

Tubercle  bacillus,  human,  a  cause  of  tubercu- 
lous cervical  adenitis,  385 
Tuberculin  treatment  for  tuberculous  cervical 

adenitis,  386 
centra-indications  to,  386 
indications  for,  387 
Tuberculosis  of  breast,  operative  treatment  of, 

636 

palliative,  636 
prognosis  of,  637 
radical,  637 
of  lungs,  operative  treatment  of,  542 

Freund's  method  of  chondrotomy  of  first 

rib  in,  542 
Friedrich  's  method  of  extensive  resection 

of  ribs  in,  543 
dangers  of,  544 
technic  of,  543 
interpleural  pneumolysia  in,  548 

dangers  of,   due  to  injury  to  wall  of 

lung  cavity,  549 
illustrative  case  in,  549 
infection  in,  549 

subcutaneous  emphysema  in,  549 
general  considerations  of,  548 
refilling  with  nitrogen  in,  551 
technic  of  operation  in,  548 
value  of,  551 

pneumothorax,  artificial,  in,  545 
apparatus  for,  546 
dangers  of,  547 
nitrogen  used  in,  546 

quantity  of,  548 
technic  of  production  of,  547 
resection  of  diseased  apex  in,  542 
thoracoplasty  in,  two-stage,  544 
technic  of,  544,  545 
Wilms'  method  of,  544 
of  ribs,  operations  on  pleura  in,  534 
of  thyroid  gland,  316 
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Tuberculosis  of  thyroi.l  gland,  operative  treat 
ment  of, 

t\   pi's      ul 

Tuberculous  iTi-ural   ad.-mti-.  .185 

beUothermm  in,  388 
laryngologfe*]  treatment  in,  389 

location  of  source  of  infection  in, 
380 

removal     of    adenoids    and     tonsils     in, 

me.lical  or  hygienic  treatment  in,  386 

surgical   treatment    in. 
adxisabih- 
objections   to.   ::!•! 

operation  for  tuberculous  abteeM  eont- 
nmnieating  with  tuttcrruloua 
gland  in. 

operation    through    posterior  triangle   in- 

clMi.ll      in. 

operation  through  transverse  incitiion  in, 
899 

operation  whore  a  sinus  leads  to  a  tuber- 

minus  node  in,  399 
results  of,  400,  401 
summary  <>t ',   l(l  1 
tuberculin   treatment    in,  386 
contra  indications  to,  386 
indications  for. 

types  of  tuberculosis  causing,  385 
various  forms  of  treatment  in,  .'{85 
X  ray  treatment   ii, 

Tuberculous   lesions  of   esophagus,    diagnosis 
and  treatment  of,  by  csophagos- 
copy,  454 
Tuberculous   meningitis,   lumbar   puncture    in 

treatment  of,  677 

Tuberculous  myositis  of  abdomen,  763 
Tuberculous  pericarditis,  aspiration  of  exudate 

in.  586 

operative  pro. -e. lures  in,  586 
pericardiotomy  with  drainage   in,  586 
pericardiotomy   without   drainage   in.  ">87 
Tumors,   intra  ocular,  enucleation  for,  50 
of  abdominal  wall,  764 
carcinoma,  765 
fibroma,  7(>  I 
melanosarcoma,  765 
sarcoma,  765 

of  breast,  benign,  operations  for,  646 
angioma,  646 
enchondroma,  646 
endothelioma,  646 
fibro-epithelial  tumors,  646 
lipoma,  646 

periductal  fibroma  and  myxoma,  646 
of  central  canal  of  cord  a  cause  of  spina 

bifida,  725 

of  esophagus,  benign,  diagnosis  and  treat- 
ment of,  by  means  of  esophagos- 
copy,  443 
malignant,  443 

appearance  of,  through  esophagoscope, 

444 

of  infiltrating  epithelioma,  446 
of  polypoid  type.  446 
of  ring-like  stenosis.    1  1 7 
of  secondary  growths,  447 
of  ulcerated  cancer,  446 


Tumor*,  of 


,•• 

dilaUt 


radm*  lWr»wr  i..  441 

of     in-,  k       ..'H - »  4'       •   -     '     ' 

»        'j^   r  IOv*         0Vlff     VBv^v      •V^mig 

o«.    for    cjtto    aj^l 


of  nipple  and  m 
of  orl.it. 

:» 

Of  ipinal 


diriaion  of  antorolatmJ  traru  of  mH  te, 

ia  iatnulttrml  po^tL.  «M 
rhnir  of.  *»* 

ror.l  in.  T'»| 

in  intraiiNNlullanr  tumora.  70t 

aspiration  of  mrd  in.  70S 

'••  to  find  growth  Ui,  70» 
inriiiion  of  cord  in,  704 
roeoguition  of  tenor  in.  70S 

„_•    ^_m     _ _   _  _-  ^*      i 

roiDovai  of  jfTOwui  ia«  TOO 

•  iM-.ii  of  tumor  in.  708 
resulU  of  nurgiral  trratmnat  in.  700 

pharynjfpal,  ofwrmtions  for  maovaJ  of.  tSl 

pedunrulatoi.  251 
Tunis 's  method   for   repair  of   am  of   aoo*. 

184 
Tympanic  membrmas,  arut*  iaflammatMM  of, 
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